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Get  fast, 
low-cost  access 
to  your 
computer  files. 


With  IBM’s  new  2260  Display 
Station* 

Easier  to  use  than  a  typewriter. 
Eliminates  paper  and  filing  cards. 
Fits  on  a  desk  top. 

And  it  offers  you  access  to  al¬ 
most  unlimited  storage  capacity* 

You  can  record  daily  sales  ac¬ 
tivity  and  production  reports.  You 
can  see  your  profit  and  loss  state¬ 
ments  at  a  glance. 

You  can  also  see  the  results  of 
business  and  scientific  calcula¬ 
tions.  Or  customer  lists,  inventory 
data,  insurance  records  and  reser¬ 
vation  lists. 

You  can  plug  one— or  one  hun¬ 
dred  Display  Stations  into  one 
system/360  (Models  30  through 
^5) «  These  Stations  can  be  located 
ln  one  building— or  they  can  be 
thousands  of  miles  away. 
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You  simply  “type”  your  infor¬ 
mation  on  a  Display  Station’s  nu¬ 
meric  or  alphanumeric  keyboard. 
As  you  “type,”  your  information 
appears  as  an  image  on  the  CRT 
screen. 

You  check  the  data.  Or  you 
edit  it. 

Then  you  press  a  control  key 
and  your  data  is  fed  into  the  cen¬ 
tral  file  of  system/360.  Almost  in¬ 
stantly,  the  screen  displays  your 
solution. 

Or  you  can  retrieve  informa¬ 
tion  from  the  computer.  Update 
it*  Change  it*  Then  send  it  back 
into  storage. 

You  can  choose  an  IBM  Display 
Station  that  has  a  240 ,  *  *  480 , , ,  or 
960  character  buffer. 

Each  2260  has  64  different  dis¬ 
play  characters— both  letters  and 

IBM 
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numbers.  Twenty-three  of  these 
are  special  symbols.  When  directly 
connected  to  a  computer  channel, 
IBM’s  2260  Display  Station  has  a 
data  rate  of  up  to  2560  characters 
per  second. 

On  a  telephone  line,  its  data 
rate  is  120  or  240  characters  per 
second— depending  on  the  data  set 
used* 

The  2260  offers  you  fast  access 
to  all  kinds  of  files*  It’s  inexpen¬ 
sive:  as  low  as  $89.00  a  month. 

Wherever  you  use  typewriters, 
files,  or  paper— you  can  use  an  IBM 
2260  Display  Station,  It  will  save 
you  money...  time  ...and  space. 

It’s  another  new  device  to  help 
your  system /360  grow  as  you 
grow. 

S Y STEM  / 360  —The  Computer 
with  a  Future- 


io12  traces/sec. 
500  traces/in. 

is  this 
enougl 
or  do  y 
need  more? 


Maybe  you  don’t  need  this  kind  of  performance— or  maybe 
you  need  more.  In  either  case  look  to  Fairchild’s  DuMont 
Laboratories  first.  DuMont  has  designed  and  built  over 
4,000  discrete  tube  types  — CRTs,  Storage  Tubes,  PMTs 
and  Power  Tubes.  Many  of  these  are  off-the-shelf,  the  rest 
quickly  available.  If  the  tube  parameters  of  your  job  are 
so  far-out  that  no  existing  tube  meets  them,  that's  all 
the  more  reason  to  talk  to  DuMont  first.  No  one  is  better 
equipped  to  design  and  build  it  for  you.  That’s  how  most  of 
our  4,000  types  came  into  being.  Call  your  Du  Mont  sales 
engineer  or  get  in  touch  direct  with  the  Electronic  Tube  Div- 
of  Fairchild's  Du  Mont  Laboratories,  Clifton,  New  Jersey. 


This  is  the  writing  speed  and  resolution  of  a  new  Du  Mont 
cathode  ray  tube  with  fiber  optics  faceplate  (Type  K2427). 
In  addition,  the  tube  was  designed  to  occupy  minimum 
space  and  to  withstand  severe  environmental  conditions. 


Selected  career  en- 
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An  equal  opportu-  DU  MONT  LABORATORIES 


nity  employer.  electronic  tube  division 
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Now,  You  Have  the  Smallest  Rear- 
Projection  Readout  in  the  World! 


It  Displays  Characters  This  Big. 

All  the  versatility,  readability,  and  reliability  of  our 
patented  rear-projection  readouts  are  now  available  in 
the  world’s  tiniest  theatre:  the  H  x  1/%"  W  IEE 
Series  340.  We've  managed  to  fit  everything  but  a  pro¬ 
jectionist  in  there  to  give  you  a  choice  and  clarity  of 
message  that  no  other  type  of  readout  can  match  — 
regardless  of  size! 

The  tiny  340  uses  film  to  project  any  message:  num¬ 
bers,  letters,  words,  symbols,  colors.  Anything  you  can 
put  on  film !  You're  not  limited  to  crudely  formed  char¬ 
acters  that  look  strange  to  the  eye.  Choose  type  styles 
that  human -factors  tests  prove  to  be  most  readable! 

Your  message  appears  clearly  and  sharply  on  a  single -plane  screen.  There's  no 
visual  hash  or  camouflage -netting  effect  from  unlit  filaments.  The  340  may  he  tiny, 
but  your  message  appears  big f  up  to  an  easily  read  %"  in  height! 


HERE'S  HOW  IT  WORKS: 

All  TEE  readouts  are 
passive,  nonmechani¬ 
cal  devices  built  for 
long  life.  An  input  sig¬ 
nal  through  the  proper  contact  illuminates 
the  desired  lamp,  projecting  only  the  selected 
message  through  the  lenses  onto  a  non- glare 
viewing  screen.  This  one-lamp-per-message 
concept  eliminates  character  misreadings 
caused  by  partial  failures. 


CLICK,  IT’S  IN 
CLICK,  IT'S  OUT! 

Porquick,  easy 
lamp  replace¬ 
ment  or  change 
of  message, 
just  press  the 
front  of  the  340,  pull  the  whole 
unit  out!  Permanently  wired  base 
reiriains  in  assembly! 
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EDITORIAL 


BETTER 

MOUSETRAPS 


'This  specification  covers  the  requirements  for  a  mouse¬ 
up  -  the  trap  shall  be  spring  type  —  mounted  on  a  white 
pine  base  1%  inches  by  4  inches  -  tripped  by  a  pressure  of 
not  over  6%  grams  -  and  closed  in  not  over  0,005  seconds 
with  a  force  sufficient  to  catch  and  retain  a  mouse  not  over 
3  inches  in  body  length  and  Da  ounces  in  weight.  Trap  shall 
be  given  visual  and  mechanical  inspection  to  verify  that 
materials,  design,  construction,  physical  dimensions,  and 
workmanship  are  in  accordance  with  the  applicable  require* 
merits.  Traps  shall  he  individually  packaged  in  accordance 
with  good  commercial  practice  —  packed  100  to  a  shipping 
container  in  accordance  with  the  Uniform  Fret  gilt  Classifi¬ 
cation  Rules  or  regulations  of  other  carriers  applicable  to  the 
mode  of  transportation.  In  addition  to  any  special  marking 
required  by  the  contract  or  Older,  individual  packages  ;uid 
shipping  containers  shall  be  marked  in  accordance  with  the 
requirements  of  MIL-STD-129/' 


ate  from  them,  and  you  are  out  of  the  running  —  unless  your 
results  are  remarkably  better  than  those  achieved  under  pres¬ 
ent  standards.  Witness  the  onset  of  the  "talkies/’  Here  was 
a  major  evolution-revolution  whereby  the  then  current  stan¬ 
dards  —  and  certain  actors  —  became  past  tense.  Although 
we  are  not  in  parallel  competitive  positions,  the  philosophy 
still  applies. 

I  would  suggest,  then  that  this  philosophy  be  one  of 
scientific  awareness  -  think,  experiment,  propose  and  present 
—  but  only  to  achieve  the  end:  the  "big  picture.”  The  ap¬ 
proach  will  always,  of  necessity,  be  an  evolutionary  process. 

There  was  the  mousetrap  and  the  pellet.  But  there  was 
one  lure  before  them,  I  recall:  "the  Pied  Piper  of  Hamlin/' 
He  was  very  effective.  HI  wager  lie  breathed  a  sigh  of  re¬ 
lief  when  the  mousetrap  was  invented.  Ill  even  venture  an¬ 
other  guess:  HI  bet  he  bought  one. 


Its  all  there:  the  standards,  the  specifications  -  all  defined, 
all  very  proper.  Apply  them,  and  you  have  a  mousetrap. 
Build  a  better  mousetrap,  and  you  can  forget  the  specs, 
Why?  Because  the  object  is  to  kill  mice,  not  build  mouse¬ 
ups.  A  palatable,  poisonous  pellet  would  be  as  effective, 
wit  wouldn't  meet  specs! 

The  analogy  holds  for  any  endeavor  which  prescribes 
standards,  specifications  and  definitions.  Let's  talk  about  dis¬ 
plays  We,  as  a  group,  are  pioneers;  we  strive  for,  literally* 
l"e  "big  picture”  with  all  its  attendant  ramifications  -  bright* 
r!^s,  contrast,  resolution,  chromatid ty,  etc*  We  attempt  to 
these  qualities  and,  as  a  group,  strive  to  formulate 
present  standards  and  specifications  for  achieving  them. 
I  wonder,  though,  if  we  presume  too  much;  do  we  stress 
approach  and  lose  sight  of  the  “big  picture”?  Can  we 
really  expect  to  put  forth  a  dogmatic  set  of  standards, 
^cifvciUions  and  definitions  for  all-time  application?  Such 
rotations,  I  think  are  bom  of  naivete.  We  can  propose, 
and  present;  we  cannot  enforce .  There  is*,  always 
npveinent,  change. 

.  Industry  might  accept  our  premises  today,  but  “build  a 
cJtor  mousetrap  .  *  .  !  U  So  why  bother? 

I  he  movies  are  a  classic  example  of  law  without  enforce- 
^'1  m  a  competitive  situation  Cinematography  conforms  to 
^ain  standards  in  film,  size,  cameras  and  projection.  Devi¬ 
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Quantitative  Measur^  I 


Editor's  Note 

This  paper  is  one  section  of  a 
report  entitled  "Display  Techniques 
for  Digital  Weapons  Control  Sys¬ 
tems"  prepared  by  H,  R.  Luxenberg 
and  Q.  L  Bonnes*,  of  the  Bunker- 
Ramo  Corp+f  for  the  U,S.  Naval  Ord 
nance  Test  Station  (NOTS),  China 
Lake,  CafiL,  under  contract  number 
N 60 530  10519,  Another  section  of 
the  same  report  appeared  in  the  last 
issue  of  INFORMATION  DISPLAY 
under  the  title  "Photometric  Units" 
by  H,  R.  Luxenberg, 


Introduction 

Display  device  and  system  parameters 
are  of  two  types: 

(1)  Those  pertaining  to  system  inte¬ 
gration  requirements  with  associ¬ 
ated  environmental  and  logistic 
considerations. 

(2)  Those  pertaining  to  the  interface 
with  the  observer. 

The  first  category  consists  of  such 
items  ns  physical  size,  weight,  power, 
signal  levels,  symbol  encoding,  interface 
requi  re  merits,  tempera  tore,  humidity, 
shock,  vibration,  cost,  reliability  (MTBF), 
and  maintainability  (MTTE). 

The  second  category  includes  such  fac¬ 
tors  as  brightness,  contrast,  color  capa¬ 
bility,  resolution,  viewing  distance,  and 
viewing  angle. 

All  of  these  parameters  are  either  avail¬ 
able  from  the  manufacturer  {many  must, 
of  course,  be  properly  discounted)  or 
may  be  tested  directly. 

Tt  is  not  the  intent  of  this  paper  to 
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duplicate  detailed  descriptive  material 
which  is  already  easily  available  and  well 
presented  in  the  current  literature.  For 
example,  several  good  articles  describe, 
in  some  detail,  techniques  for  CRT  char¬ 
acter  generation;  others  describe  alpha¬ 
numeric  indicators,  etc.  Furthermore,  it 
would  be  impractical  to  attempt  to  tabu¬ 
late  operating  parameters  for  all  cur¬ 
rently  available  displays  here.  Several 
extremely  good  summaries  are  readily 
available,  although  even  these  suffer 
from  some  incompleteness.  It  is,  how¬ 
ever,  the  purpose  of  this  paper  to  present 
a  quantitative  discussion  of  the  physical 
units  and  psycho-physical  significance  of 
those  parameters  peculiar  to  display  tech¬ 
nology. 

Since  the  function  of  a  display  unit  is 
to  transfer  information  to  the  operator  by 
visual  sensing,  it  is  important  to  consider 
those  parameters  that  determine  the  capa¬ 
bility  of  the  human  eye  to  perceive  infor¬ 
mation.  Therefore,  the  following  section 
discusses  those  factors  that  are  important 
to  the  visual  perception  of  information. 
A  definition  of  each  factor  is  given,  and 
a  discussion  of  the  way  in  which  it  re¬ 
lates  to  the  evaluation  of  display  devices 
is  included. 


Brightness  and  Contrast 
Contrast,  not  brightness,  is  the  signi¬ 
ficant  factor  in  display  legibility.  Bright¬ 
ness  is  generally  specified  because  it  is 
dependent  only  on  the  equipment,  where¬ 
as  contrast  is  generally  a  function  of 
ambient  lighting.  Brightness  is  also  speci¬ 
fied  because  it  would  seem  that  the  high¬ 
er  the  brightness,  the  greater  the  visibility 
under  higher  ambient  light.  This  is  not 
necessarily  true,  since  some  displays  of 


lower  intrinsic  brightness  have  better 
visibility  than  far  brighter  ones.  (See 
Tables  1  and  2), 

Furthermore,  unnecessarily  high  bright* 
ness  may  be  a  luxury  where  ambient 
light  is  subject  to  control,  since  it  has 
been  determined  exx>eiT  men  tally  that  | 
where  observers  have  control  over  ambi¬ 
ent  lighting  for  reading  they  tend  to 
choose  lower  values  than  are  generally 
considered  optimum.  For  example,  under 
a  controlled  test1,  when  the  maximum; 
available  illuminations  were  10,  30,  and 
45  foot-candles,  the  observers  selected  53 
12,  and  16  foot-candles  as  the  optimum 
values. 

The  required  brightness  of  a  display 
should  be  obtained  by  the  following  pro¬ 
cedure.  First,  select  (preferably  at  the 
lowest  acceptable  level)  the  ambient 
light  desired  at  the  work  station,  and  by 
means  of  a  mockup  measure  ihe  mnbirid 
light  (ailing  on  the  display  surface*  lb* 
Source (s)  of  ambient  illumination  should 
be  relocated,  collimated  or  other^O  * 
shielded  to  reduce  this  to  a  itilirimuiti* 
Acceptable  contrast  ratios  are:  fuM'NuP 
symbols  on  n  black  background,  o  to  1* 
for  line  drawings  or  text  on  a 
background,  25  to  1;  for  pictorial 
100  to  1. 

From  a  knowledge  of  the  rcflecth^tt  * 
of  the  display  surface  (unless  i*  is 
unity  is  a  conservative  estimate)-  . 
brightness  of  the  background  is  obtain 
and  multiplication  by  the  desired  c<^ 
trast  ratio  will  specify  the  bright nt-5* 
quired  of  the  symbols.  For  cxninpe< 
the  ambient  illumination  on  an  cl**  ^ 
luminescent  alphanumeric  display  ^  . 

luminance  is  10  foot-1  amber ts  t*an  ( 
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FIGURE  h  Character  representation. 


Detailed  alphanumeric 


7  TV-line  representation 


TABLE  1 

Typical  Brightness  (foot- 1  am  be  rts}* 

Surface  of  the  sun  4.8  x  10s 

Surface  of  a  60-watt  frosted  incandescent  bulb  ("hot  spot")  36,000 

Surface  of  a  60-watt  '"white"  incandescent  bulb  9,000 

Surface  of  a  15- watt  fluorescent  tube  3,000. 

White  paper  in  direct  sunlight  9,000 

Clear  sky  2,000 

Surface  of  moon,  bright  area  750 

White  paper  on  office  desk  25 

Pulsed  electroluminescent  mosaic  panel  20 

Television  raster  20 

Light  valve,  10-  by  10-foot  diffusing  screen,  2-kilowatt  lamp  20 

Theatre  screen  open  gate  16 

Note  that  pulsed  electroluminescent  mosaic  panels  have  brightness  comparable  with  tele vision 
raster  or  opengate  theatre  screens. 


*Bnghtness  values. complied  from: 

(1)  D,  G,  Fink,  TELEVISION  ENGINEERING  HANDBOOK,  McGraw-Hill,  1959, 

(2)  IES  LIGHTING  HANDBOOK,  THIRD  EDITION,  Illuminating  Engineering  Society,  1959. 

(3)  REFERENCE  DATA  FOR  RADIO  ENGINEERS,  I.  L  and  I.  Corp.,  1949. 

(4)  Measurements  and  Calculations  by  the  Authors, 
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FIGURE  2:  Full  5  x  7  dot  mosaic  (35  elements, 
full  alphanumeric). 

contrast  of  5  to  1  will  be  adequate  for 
good  legibility. 

If,  however,  the  observer  is  working 
at  a  desk  where  the  illumination  is  50 
foot-candles,  a  sheet  of  white  paper  will 
have  a  luminance  of  40  foot-lamberts 
and  the  4-to-l  brightness  difference  be¬ 
tween  paper  and  display  may  prove  an¬ 
noying,  Since  the  display  brightness 
cannot  be  raised,  the  working  lighting 
can  be  reduced,  Jf  the  observer  is  given 
control  over  the  ambient  lighting,  he 
will  find  an  optimum  {for  him)  working 
level, 

Size-Resolution  Legibility 

Resolution  is  generally  described  in 
terms  of  line  pairs  per  millimeter  (lines/ 
millimeter).  The  average  observer  can 
resolve  two  lines  that  subtend  an  angle  at 
the  observer's  eye  of  one  minute.  Since 
1  minute  of  arc  ~  0,0003  radian,  the  eye 
resolves  at  a  viewing  distance  of  10 
inches  (250  millimeters)  about  13  lines/ 
millimeter. 

There  is  some  confusion  in  the  litera¬ 
ture  between  optical  lines  and  television 
lines.  Optical  lines  are  synonomous  with 
line  pairs  (he.,  an  optical  line  consists 
of  a  black  and  white  pair )  .  To  show  one 
line  pair  on  a  television  raster  requires 
at  least  two  television  lines.  Because  the 
optical  line  pair  may  riot  coincide  with 
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FIGURE  3:  Reduced  5  x  7  dot  mosaic  (27  ele¬ 
ments,  numeric  only). 


TABLE  2 

Contrast  Levels 

Textual  copy 

(white  on  dark)  5-10  to  1* 

Line  drawings  and  black 

on  white  text  25  to  1 


Photographs 


100  to  1 


*  Legibility  of  fin&  detail  degrades  with 
increasing  contrast  if  the  eye  is  adapted 
to  darker  background  level,  because  of 
effect- 


the  raster  lines,  more  than  two  television 
lines  are  required,  The  correction  factor 
of  1.4  is  called  the  Kell  factor.  Thus, 
one  optical  line  pair  requires  2,8  tele¬ 
vision  lines,  for  full  resolution. 

Resolution  in  terms  of  line  pairs  is 
significant  for  display  purposes  only 
when  photographs  are  shown,  where  the 
observer  is  required  to  distinguish  be¬ 
tween  two  close  objects.  Actually,  if  the 
existence  or  nonexistence  of  a  black  line 
on  a  white  background  is  to  be  deter¬ 
mined,  the  line  need  subtend  an  angle 
of  only  0.5  second  at  the  eye, 
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FIGURE  4:  Reduced  4x7  dot  mosaic  m 
ments,  numeric  only).  v  u 

If  alplumumerics  are  to  be  legible  ffi  I 
vertical  angle  subtended  at  the*  ' 
should  be  at  least  10  minutes  of  ' 
Since  10  minutes  of  arc  are  appittxjmM 
ly  1/360  radian,  for  each  foot  of  viewfjl 
distance  the  character  must  be  at  Wi 
1/30  inch  in  height.  While  the  eye  ;cuj 
resolve  10  optical  line  pairs  in  lo 
utes  of  arc,  this  does  not  mean  that  the 
detail  present  in  an  alphanumeric  ctiarue. 
ter  requires  10  line  pairs  for  legible  pres¬ 
entation. 

A  a  examination  of  the  “E"  shown  h 
Figure  1  reveals  that  no  more  than  3.5 
optical  line  pairs  are  required.  The  seven-1 
television -line  representation  of  the  “Ej 
on  the  right  side  of  the  figure  may  ap* 
pear  somewhat  crude  when  viewed  close* -i 
up,  but  when  viewed  from  a  distance  nt 
which  the  lines  are  not  resolved,  it 
quite  legible. 

Although  the  number  of  television  lines 
used  is  just  twice  the  number  of  optical 
line  pairs  for  the  illustration,  near  per¬ 
fect  registration  of  the  raster  scan  to  the 
figure  being  displayed  was  assumed,  To  J 
take  care  of  the  misregistration  problem, 
the  Kell  factor  (2.8}  is  introduced.  The 
product  of  3.5  (the  number  of  optical 
lines  required)  by  2.8  (the  Kell  factor) 
is  very  nearly  10*  the  number  of  I 
vision  lines  required  to  present  a  chars®* 
ter  of  good  legibility. 


FIGURE  5: 

Numerics  using 
mosaic. 
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V,.  G.  Stocker,  “Pisplnys,  Papers  and  Lighting,/* 
Information  Disjilay,  Vol.  1,  No,  1.  pp  16-26.  Sep¬ 
tember /October  1964, 
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-D.  G,  Fink,  Television  Engineering 
McGraw-Hill,  1959. 
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\\r\ii\e  legibility  of  the  characters 
ends  on  their  structure,  there  is  no 
■versa!  agreement  on  the  optimum 
TVacter  shape.  Among  the  meommciKb 
a re  E'ie  foUowingi 

m)  Modified  gothic  (sans  serif)  char- 
acter  of  height/width  ratio  of  3 
to  2  for  most  letters,  with  the  ex¬ 
ception  of  I,  M,  and  W,  and  a 
stroke  width  of  fs  of  the  character 
width. 

/£)  The  same  as  above,  but  with  a 
height  Avid  th  ratio  of  5  to  3  and 
ei  stroke  width  of  I/G  to  f/8  of 
the  character  height  (MIL-SPEC- 
33558). 

The  authors  prefer  the  3  to  2  height/ 
width  ratio  with  a  bolder  stroke,  say  1/6 
of  the  character  width.  The  character  is 
then  nine  strokes  tall  by  six  strokes  wide. 
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(a)  The  double- 
hung  window  (sev¬ 
en  elements,  nu¬ 
meric  only). 


FIGURE  6:  Segmented  character  formats. 

A  minimum  of  two  stroke  widths  should 
be  provided  between  adjacent  symbols, 

fecial  Character  Shapes 
While  well  shaped  gothic  diameters 
aru  most  attractive  and  are  generally 
^reetl  upon  as  providing  the  ultimate  in 
legibility^  certain  types  of  display  imple¬ 
ment  ation  preclude  their  use.  Instead, 
pV  present  characters  of  a  stylized 
J!mPe  made  up  of  discrete  elements, 
these  are  “  learned"  they  become 
JtjUdy  as  legible  as  the  pure  gothic  to 
llch  they  are  an  approximation,  De- 
Les  hi  this  class  use  either  dot  or  stroke 
as  discussed  below, 

$  d  primarV  reasons  for  the  adoption 
mi  of  characters  arc  economy 

*  simplicity  of  implementation,  as  is 
sjj  1  apparent  from  the  following  con- 
‘l^hotss.  Alphanumeric  data  are  stored 
\y  Processed  in  data  processors  in  data 
nf  lTy  Ct}ded  form,  requiring  a  minimum 
bits  per  character,  exclusive  of 


parity  and  dock  bits.  These  six  bits  per¬ 
mit  display  of  a  maximum  of  63  charac¬ 
ters  (or  64  if  the  “blank”  is  counted). 
This  number  can  include  26  alphas,  10 
numerics,  and  up  to  27  special  symbols, 
including  punctuation  marks,  etc, 

While  the  6-bit  code  can  be  decoded 
into  64  “lines, l#  one  per  possible  charac¬ 
ter,  in  many  display  applications  it  is 
found  more  desirable  to  reduce  the  num¬ 
ber  of  decoded  lines  by  assembling  the 
characters  from  a  smaller  number  of  ele¬ 
mentary  elements,  as,  for  example,  by 
a  dot  or  stroke  mosaic. 

Dot  mosaics 

The  coarsest  mosaic  that  is  capable  of 
providing  easily  legible  alphanumeric 
symbols  is  a  5-  by  7-dot  mosaic,  ns  shown 
in  Figure  2.  Here,  only  35  decoded  lines 
are  required.  If  only  numerics  and  a 
limited  number  of  symbols  are  required 


(b)  The  double- 
hung  window  (nine 
elements). 


(e.g.,  -k,  — ,  etc,),  some  of  the  ele¬ 
ments  are  not  required,  and  the  number 
of  lines  may  be  reduced  to  27,  as  shown 
in  Figure  3. 

For  numerics  only,  the  reduced  4-  by 
7 -mosaic  shown  in  Figure  4  is  satisfac¬ 
tory,  This  mosaic  requires  only  20  lines. 
In  general,  dot  mosaics  present  better 
appearing  characters  than  stroke  mosaics* 
but  stroke  matrices  are  more  economical 
in  the  sense  that  fewer  lines  are  required. 
However,  stroke  matrices  with  as  many 
as  35  specially  shaped  elements  have 
been  devised;  these  give  extremely  good 
characters,  far  better  appearing  than  the 
dot  matrix,  with  no  more  operating  com¬ 
plexity,  The  elements  may  also  be  ar¬ 
ranged  in  a  parallelogram  rather  than  in 
a  rectangle  to  provide  sloped  or  "italic” 
characters. 

Stroke  mosaics 

This  type  of  character  presentation  is 
known  variously  as  the  bar  matrix,  the 
segmented  character,  or  the  stroke  matrix. 


depending  on  the  manufacturer.  The 
bars,  strokes,  or  segments  are  arranged 
in  a  pattern  similar  to  one  of  those 
shown  in  Figure  6. 

The  exact  shape  varies  from  one  man¬ 
ufacturer  to  another,  with  some  rounding 
of  corners  and  minor  variations  in  the 
way  adjacent  segments  join. 

The  segments  may  be  electrolumines¬ 
cent  strips,  electro  chemical  cells  or  cath¬ 
odes  in  a  glow  discharge  tube,  or  they 
may  bo  traps -illuminated  by  neon  or  in¬ 
candescent  lamps.  The  power  require¬ 
ments,  luminosity,  and  color  differ  in 
each  method  of  implementation. 

The  characters  are  nearly  as  legible  as 
those  made  from  a  5-  by  7 -dot  mosaic, 
but  logic  (switching)  requirements  are 
reduced  from  35  inputs  for  the  full  5- 
by-7  matrix  to  16,  14,  9,  or  7,  depending 
on  the  type  of  bar  matrix  chosen.  A  cleci- 

”57] 

l/N 


(c)  The  starburst  (14  elements,  full 
alphanumerics;  also  available  is  a 
16-element  starburst  with  the  upper 
and  lower  horizontal  elements  split). 

NOTE:  Segments  may  be  electrolum¬ 
inescent  gas  tube  cathodes,  electro- 
floors,  or  illuminated  by  incandes¬ 
cent  or  neon  lamps. 


mal  point  or  underline  bar  may  be  added 
in  some  instances.  The  same  height/ 
width/stroke  ratios  apply  as  for  shaped 
characters. 

Screen  Characteristics 

The  length -Jambert  units  of  the  previ¬ 
ous  section  are  defined  by  defining  the 
luminance  of  a  perfect  diffuser,  approxi¬ 
mated  by  a  fresh  chalk  surface,  to  be 
numerically  equal  to  the  incident  illumi¬ 
nation  in  length -candles  (e,g+1  a  perfect 
diii user  in  bright  sunlight  is  illuminated 
by  9000  foot-candles  and  has  a  lumi¬ 
nance  of  9000  foot-1  amber ts  as  seen  from 
any  direction). 

For  other-th an -perfect  diffusers,  a  re¬ 
flectivity  factor  is  used  to  obtain  the 
luminance,  Note  that  the  reflectivity 
need  not  be  less  than  unity  and  it  may 
va  ry  w  i  tl i  di  rectio n , 

For  specular  reflection  the  luminance 
of  the  reflected  image  is  that  of  the 
source  itself.  If  the  perfect  diffuser  in  the 
example  above  is  replaced  by  a  perfect 
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mirror,  the  luminance  of  the  mirror  is 
4,8  x  10^  foot-lamberts  {same  as  the  solar 
surface)  on  the  axis  of  the  reflected  rays 
and  zero  off-axis.  Thus,  the  reflectivity 
or  “gain*'  of  the  minor  in  this  case  is  a 
sharply  peaked  function  with  a  maximum 
value  of  {4*8  x  LO*)/9000  or  greater  than 
5  x  10J. 

Directional  screen  with  flaked  alumi¬ 
num  surfaces  (to  give  high  gains)  are 
frequently  used  to  obtain  greater  image 
brightness,  but  at  the  price  of  a  restrict¬ 
ed  viewing  angle.  All  increase  of  granu¬ 
larity  in  the  aluminum  paint  provides  a 
greater  viewing  angle;  or  the  surface 
may  be  embossed  with  tiny  convex  mir¬ 
rors,  which  will  not  be  visible  at  normal 
viewing  distances, 

The  mirrors  spread  the  incident  para¬ 
llel  rays  into  a  cone  generally  of  rec¬ 
tangular  cross-section,  to  cover  the  audi¬ 
ence  space  desired.  The  angles  of  the 
cone  are  simply  related  to  the  width  or 
height  and  focal  length  of  the  tiny  mir¬ 
rors. 

An  analogous  situation  holds  for  rear- 
projection  screens.  The  analog  of  a  per¬ 
fect  minor  is  a  clear  layer,  Either  more 
diffusion  or  a  lenticular  structure  may 
be  used  to  provide  the  desired  spread  of 
light.  Except  for  very  small  screens  (he.* 
those  subtending  a  small  angle  at  both 
eye  and  source),  gains  greater  than  2  to 
3  produce  visible  and  annoying  “hot¬ 
spots*” 

Uniformity  of  Luminance 

A  projection  screen  (either  front  or 
rear)  will  not  be  uniformly  luminous  over 
its  entire  surface,  although  for  all  prac¬ 
tical  purposes  it  may  appear  so,  In  this 
section,  the  reasons  for  non-uniformity 
and  practical  limits  are  discussed. 

The  two  major  causes  for  screen  fall- 
off  are;  (1)  lack  of  uniformity  in  illumi¬ 
nation,  and  (2)  the  variation  of  gain 
with  the  angle  between  line  of  sight  mid 
the  reflected  or  transmitted  projection 
ray.  This  angle  is  called  bend -angle. 

Illumination  fall-off  is  primarily  due  to 
a  cqsj  0  factor  which  enters  when  a 
finite-area  lamp  source  and  conventional 
optics  are  used  in  the  projector.  The 
angle  0  is  the  half-angle  subtended  by 
the  screen  at  the  projector.  With  small 
sources  and  asph  erica!  optics,  the  factor 
may  be  increased,  perhaps  to  cos*  0  or 
better,  but  at  a  cost'.  The  easiest  cure 
is  to  reduce  0  by  increasing  the  projec¬ 
tion  distance.  If  space  is  limited,  a  fold¬ 
ed  optical  path  may  be  required. 

Even  with  a  uniformly  illuminated 
screen,  the  illuminance  will  fall  off  with 
bend-angle,  unless  die  screen  is  a  per¬ 
fect  diffuser  (constant  gain).  The  angle 
at  which  the  gain  is  one-half  its  peak 
value  is  called  the  half -power,  or  50% 


'Helmut  WHss*  “Wide*  Screen  Slide  Proji'cLioii/' 
Information  Dixftknj,  Vol.  1,  Nro,  1,  pii  8-i5.  Scii- 
tt?  i \\  lit?  i  f  Oc tube  r  1 9  4 . 
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bend-angle.  Higher  gains  mean  smaller 
half-power  bend -angles,  unless  the  gain 
is  deliberately  lowered  by  the  addition  of 
light  absorbing  material  for  contrast  con¬ 
trol  ( see  below ) . 

While  the  eye  is  extremely  sensitive  to 
luminance  differences  in  adjacent  areas, 
it  is  relatively  insensitive  to  a  gradual  2- 
to-1  variation  over  a  large  area.  For  this 
reason,  a  2-to-l  variation  in  screen  lumi¬ 
nance  is  generally  acceptable,  and  even 
a  3-to-l  variation  will  go  unnoticed  by 
the  casual  observer.  Therefore,  the  re¬ 
striction  to  a  30%  fall-off  (often  seen  in 
display  specifications)  is  a  luxury  that 
the  eye  does  not  appreciate;  a  50%  fall- 
off  is  a  much  more  reasonable  specifi¬ 
cation  value* 

Contrast  Control 

From  a  knowledge  of  the  incident  il¬ 
lumination  and  the  screen  gain  in  the 
direction  of  view,  the  luminance  is  cal¬ 
culated  by  a  simple  multiplication.  Un¬ 
fortunately,  ambient  light  is  also  reflected 
back  to  the  observer,  adding  to  both 
b  igl  1 1  igl  itiu  g  ail  cl  si  i ; id  ow  1 1 1 n  i  in  ai  i  ees ,  th  us 
reducing  their  ratio  (the  “contrast”)* 

With  a  front-projection  screen  the  only 
effective  means  of  control  is  to  use  a 
high-gain  (directive)  screen,  placing  the 
observer  on  the  reflected  projector  ray 
and  avoiding  all  ambient  light  sources 
in  the  neighborhood  of  I  he  projector. 
Only  scattered  ambient  light  will  then 
degrade  the  contrast,  This  directivity  ex¬ 
plains  the  effectiveness  of  the  currently 
popular  lenticular  screen  for  home  pro¬ 
jection  use.  The  lentieules  direct  the  re¬ 
flected  light  primarily  into  a  sharply 
defined  rectangular  cone,  with  sharp  fall- 
off  outside,  rather  than  into  a  broader 
region  with  gradual  fall-off. 

With  rear-projection  screen,  more  free¬ 
dom  is  permitted  in  contrast  control*  A 
high- gain  screen  is  inherently  a  poor  re¬ 
flector;  hence,  contrast  is  immediately 
enhanced,  even  with  light  sources  on  the 
line  of  sight.  As  the  gain  is  reduced  by 
increasing  diffusion  to  provide  the  de¬ 
sired  viewing  angle,  the  front  reflectivity 
is ,  un  f  ortu  n  a  tel  y  T  s n  creas  ed . 

The  reflectivity  may,  in  turn,  be  low¬ 
ered  by  adding  opaque  material  or  a 
neutral  density  filter.  Tins  reduces  the 
gain  but  does  not  change  the  bend-angle 
as  in  the  case  of  inc  reasing  diffusion*  The 
effect  of  file  filter  is  discussed  further 
under  the  section  on  projection  systems 
which  fallows. 

Projection  System  Parameters 

In  projection  systems  the  amount  of 
light  reaching  the  projection  screen  is  a 
function  of  a  number  of  parameters,  but 
for  well  designed  optical  systems  cer¬ 
tain  rules  of  thumb  are  applicable.  Sev¬ 
eral  useful  ones  are: 

(1)  A  light  valve  television  system 
using  a  xenon  arc  lamp  has  an 
output  of  between  0*7  and  1.5 


lumens/ watt, 

(2)  A  35-mm  slide  projector 
incandescent  lamp  has 
of  between  1  anti  2  Imnd,,”' 


These  are  typical  figures  only,  a  J  j 
upper  or  lower  limits  may  be 
by  exceptionally  well  designed 
poorly  adjusted  equipments* 

For  a  uniformly  diffusing  m mu :  M 
the  screen  brightness  in  fouMnml}ejW 
equal  to  the  luminous  output  af  1  H 


jector  divided  by  the  screen 
square  feet.  For  example*  the  sc  *u 
brightness  produced  by  a  20O{j*t9 
xenon  light  valve  operating  at  an  oulmn 
of  one  lumen Avatt  on  a  10- foot  soiSi 
screen  is  20  foot-lamberts* 

Both  front-  and  rear-projection  scrrJI 
may  appear  either  brighter  or  diS* 
than  a  uniform  diffuser,,  depending  2) 
the  nature  of  the  screen  and  the  line 
view*  The  ratio  of  brightness  to  fllunM 
nance  is  a  maximum  when  the  Ifr^ 
view  extends  directly  back  to  the  pjl 
jector  for  a  rear*  project  ion  scream  a) 
along  the  reflected  ray  from  the  pmfetf  > 
tor  for  a  front-projection  screen. 

This  maximum  value  is  referred  to  av 
the  gain  of  the  screen.  Typical  useful 
screen  gains  line  in  the  range  of  (15  to 
2.0t  although  higher-gain  screens  are: 
used  when  the  restricted  viewing  angle! 
associated  with  them  are  not  object! m 
able  or  are  desirable. 

The  higher  the  screen  gain  the  highej 
the  contrast,  in  general,  for  both  from 
and  real -project  ion  screens*  This  is  tnie, 
for  rear- projection  screens,  since  the  re¬ 
flection  of  ambient  light  from  the  troiil 
surface  is  low  with  high-gain  scree] 

For  front-projection  screens,  the  direct¬ 
ivity  of  higher-gain  screens  is  such  thru 
off-axis  ambient  light  is  not  directed  inti 
the  viewing  area. 

An  additional  degree  of  contrast  com 
hoi  is  available  with  roar-projedio] 
screens*  in  that  a  neutral  density  ta< 
plate  may  be  incorporated.  II  the  (on^ 
way)  transmission  is  x%*  the  tvvmwaf 
attenuation  of  reflected  light  is  x' 

50%  neutral  density  faceplate  thus  nOT’*  I 
nates  the  projected  beam  by  a  factor  > 
two  and  the  undesirable  ambient  rcfi0«3j 
tion  by  a  factor  of  lour. 

Because  of  all  the  variables  iutrodu^j 
by  the  screen  parameters  and  the  ^ 
bient  lighting  conditions,  it  is  not  pw  I 
double  to  specify  brightness  and 
values  for  a  projection  system  .  jilf 
defining  the  viewing  conditions.  U  liv  /IT 
this  reason  that  projection  systems  1  ■ 

best  defined  in  terms  of  lumens  on  v  I 

Brightness  in  foot-lamberts  for  a  11111  j ; 
gain  screen  is  obtained  by  divides  .pl 
lumen  output  by  the  screen 
square  feet.  Contrast  is  obtained  by  31 
Upfying  the  ambient  light  in  foot-ea|K^j 
by  the  screen  reflectivity  couffieieuf 
computing  the  ratio  of  “light  tt> 
values.  W 
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fhe  Determination  of  Display  Screen  Size 

And  Resolution  Based  on 
perceptual  and  Information  Limitations 


by  Glenn  E.  Whitham 


Abstract 

The  material  presented  in  this 
paper  offers  useful,  handbook  type 
information  to  enable  the  display 
system  designer  to  determine  rapid* 
iy  the  limiting  values  of  basic  d is 
play  parameters  so  that  he  can  de¬ 
vote  his  attention  to  those  unique 
details  inherent  to  the  design  of  a 
specific  system* 

By  considering  displays  in  terms 
of  their  minimum  resolvable  ele¬ 
ments,  a  series  of  design  charts 
have  been  developed  from  which 
limiting  design  range  values  can  be 
obtained  for  display  element  size, 
overall  size,  symbol  size  and  maxi¬ 
mum  symbol  quantity  for  ordered  or 
random  symbols*  Within  these  lim¬ 
its  more  exact  parametric  values  can 
be  specified  in  terms  of  the  effect 
on  them  of  other  system  para* 
meters*  In  this  manner  the  feasi¬ 
bility  of  a  display  configuration  can 
be  verified  in  terms  of  fundamental 
limitations,  and  inconsistent  require* 
merits  can  be  modified  in  the  con* 
i  ceptual  phase, 
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VIEWING  DISTANCE  0  [IN  FEET} 
FIGURE  L:  Relation  of  element  resolution  to  viewing  distance* 
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Introduction 

The  designer  of  a  display  system  has 
available  many  devices  and  techniques 
from  which  he  can  select  the  most  suit' 
able  for  liis  particular  purpose.  A  pri¬ 
mary  factor  that  must  be  considered  in 
making  his  selection  is  the  determination 
of  optimum  values  for  such  fundamental 
display  parameters  as  size,  resolution, 
and  information  content.  The  basic  limi¬ 
tations  to  these  parameters  are  visual 
perception,  and  format  and  amount  of 
required  information.  Within  these  limi¬ 
tations  an  idealized  first-order  determin¬ 
ation  of  display  size  and  resolution  has 
been  obtained. 

This  paper  contains  a  brief  descrip¬ 
tion  of  how  these  parameters  are  deter¬ 
mined  with  resulting  design  values  pre¬ 
sented  in  chart  form  for  use  by  the 
designer.  Modification  of  these  results 
can  be  made  in  accordance  with  unique 
conditions  related  to  a  specific  system 
and  with  due  regard  to  psyhcoperccp- 
tual  limitations.  The  model  considered 
is  applicable  to  many  systems  with  little 
or  no  modification. 

Based  on  preliminary  work  of  limited 
scope  on  random  position  data  displays, 
it  is  evident  that  additional  probability 
analysis  of  typical  model  situations  would 
be  useful  in  establishing  further  design 
limitations.  However,  considerable  analy¬ 
sis  time  and  computer  programming  time 
would  be  required  to  yield  significant 
results. 

Tli is  discussion  is  limited  to  two-dimen¬ 
sional  displays  with  a  highlight  bright¬ 
ness  range  which  permits  employment 
of  normal  photopic  vision.  The  discussion 
does  not  consider  low  contrast,  gray 
scales,  color,  and  viewing  angles  other 
than  normal  to  the  display  surface. 

Element  Size 

The  determination  of  display  element 
size  or  display  resolution  is  predicated  on 
a  nominal  visual  acuity  limit  of  one  min¬ 
ute  of  arc  for  a  subject  having  normal 
vision.  To  be  sure,  various  factors  such 
as  element  form  affect  this  value  some¬ 
what,  hut  for  the  first  order  solution 
they  have  been  neglected*  If  each  dis¬ 
play  element  has  a  maximum  dimension 
e,  then  the  relation  between  e  and  the 
maximum  viewing  distance  D  at  which 
two  such  adjacent  elements  can  be  dis¬ 
criminated  is  given  by 

e  ==  0.0003  D  (1) 

TTi is  relation  is  shown  as  the  solid  line 
on  Figure  1.  From  this  chart  the  choice 
of  element  size  can  be  made  based  on 
viewing  distance. 

Examples.  A  console  display  for  a 
single  operator  is  normally  viewed  at  a 
distance  of  about  18  inches,  at  which 
distance  the  limiting  resolvable  element 
size  would  be  4  mils.  Appreciably  small¬ 
er  elements  cannot  be  resolved,  but  ele- 
16 
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FIGURE  2:  Relation  of  symbol  resolution  to  view¬ 
ing  distance. 

FIGURE  3:  Relation  of  screen  height  to  element 
size  and  number  of  vertical  elements 
or  horizontal  lines. 
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ing  resolution  that  can  be  displayed  on 
a  square  screen  having  side  dimension 
„r 

FIGURE  5:  Mean  percentage  overlap  of  random 
symbols  as  a  function  of  display  load. 


load  ratio  (n/m) 


merits  of  two  or  three  times  tire  limiting 
value  will  result  in  acceptable  displays, 
and  greater  than  about  five  times  will 
produce  an  objectionably  “grainy”  dis¬ 
play.  Thus  it  can  be  seen  Shat  for  CRT 
displays  die  usual  spot  size  range  of  5 
to  20  mils  is  quite  compatible  with  the 
visual  perception  requirements  of  a  con¬ 
sole  display. 

The  same  procedure  can  be  used  to 
determine  element  size  for  group  dis¬ 
plays,  Figure  1  shows  that  a  typical  ac¬ 
ceptable  element  size  range  is  0,1  to  0,5 
inch  for  a  viewing:  distance  of  30  feet* 

Symbol  Size 

Far  the  special,  but  rather  important 
case  where  the  display  format  is  com¬ 
prised  largely  of  symbology,  a  determin¬ 
ation  can  be  made  of  the  required 
symbol  size  for  a  given  viewing  distance. 
Assuming  that  the  desired  symbols  can 
be  formed  from  a  matrix  having  no  more 
than  10  x  10  elements,  a  symbol  will 
visually  subtend  10  minutes  of  arc  in 
the  limiting  resolution  case.  Actually, 
while  recognition  of  symbol  form  can  of¬ 
ten  be  made  below  this  limit,  smaller 
symbols  would  not  normally  be  used. 
Symbols  of  three  to  five  times  the  mini¬ 
mum  size  are  usually  acceptable,  but  will 
degrade  the  maximum  display  data  capa¬ 
bility. 

The  relationship  of  symbol  size  to  view¬ 
ing  distance  is  indicated  in  Figure  2,  For 
console  displays,  a  symbol  size  range 
of  0,05  to  0.25  inch  is  appropriate,  while 
for  a  group  display  viewed  at  30  feet, 
the  range  is  1.0  to  5.0  inches. 

Line  Resolution 

It  is  sometimes  convenient  to  specify 
display  resolution  in  terms  of  lines :  the 
number  of  horizontal  lines  in  a  TV  rast¬ 
er,  or  the  number  of  resolvable  line  pairs 
in  a  specified  distance,  as  used  for  meas¬ 
uring  photographic  resolution.  Figure  3 
shows  the  relationship  of  the  total  num¬ 
ber  of  vertical  elements  or  horizontal 
raster  lines  in  a  display  to  the  display 
height  and  element  size.  The  equivalent 
number  of  line  pairs  is,  of  course,  one- 
half  the  number  of  elements  or  raster 
lines. 

Determination  is  made  of  the  number 
of  vertical  elements  or  raster  lines  in  con¬ 
formance  with  the  positional  accuracy  or 
resolution  requirements  of  the  displayed 
data.  Having  determined  this,  the  maxi- 
murn  element  size  can  be  found  for  any 
specific  screen  height. 

Examples:  For  a  typical  5 00- line  TV 
screen  with  a  height  of  15  inches,  the 
maximum  element  size  is  25  mils  (see 
Figure  3)  which  is  consistent  with  the 
spot  size  of  normal  TV  CRT's.  Situation 
type  data  displays  usually  require  a  reso¬ 
lution  and  differential  position  discrim- 
in ability.  However,  equipment  limita¬ 
tions  have  often  resulted  in  the  use  of 
fewer  than  the  optimum  number  of  lines, 
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Load 

The  amount  of  information  which  can 
be  displayed  by  a  symbology  format  is 
proportions  1  to  die  total  number  of  dis¬ 
crete  symbols  which  can  be  simultane¬ 
ously  presented,  To  determine  this  num¬ 
ber,  an  analysis  is  first  made  based  on  an 
ordered  array  of  adjacently  placed,  non- 
overlapping  symbols  occupying  the  en¬ 
tire  area  of  a  square  display  surface. 
Following  this,  an  approach  to  the  prob¬ 
lem  of  randomly  distributed  symbols  is 
investigated  based  on  acceptable  levels 
of  data  loss  by  symbol  overlap  for  vari¬ 
ous  display  load  factors. 


Ordered  Symbol  Arrays 

For  an  ordered  array  we  will  consider 
two  cases:  an  array  of  rectangular  sym¬ 
bols  spaced  vertically  and  horizontally, 
as  typified  by  an  alphanumeric  message 
format;  and  an  array  of  adjacent  square 
symbols,  representing  the  maximum  num¬ 
ber  of  non-overlapping  symbols  possible 
for  a  situation  display. 

Rectangular  Symbols 

For  this  case,  rectangular  symbols  with 
a  height  II  and  width  of  0,8511  are  used, 
and  are  spaced  vertically  by  t),5H  and 
horizontally  by  0.1H. 

Thus,  each  symbol  occupies  an  area 
of  0.75H  by  L5H.  If  the  symbol  height 
visually  subtends  10  minutes  of  arc  for 
limiting  conditions,  then  the  total  sym¬ 
bol  area  will  subtend  7,5  by  15  minutes 
of  arc.  For  a  square  screen  having  a  side 
dimension  S,  it  can  be  shown  that 
the  number  N  of  symbols  of  limiting 
resolution  which  can  be  accommodated 
is  given  by  the  relation 


N 


-i. 

-m 


X  IQ* 


(2) 


where  D/S  is  the  ratio  of  viewing  dis¬ 
tance  to  screen  size. 

Square  Symbols 

If  square  adjacent  symbols,  which  vis¬ 
ually  subtend  10  minutes  of  arc  for  each 
side  are  used,  the  maximum  number  is 
given  by  1 


N 


-2 

(°)  *1.1x105  (3) 


Practical  limits  for  the  value  of  D/S 
normally  lie  in  the  range  between  1  and 
5,  Plots  of  equations  (2)  and  (3),  given 
in  Figure  4,  demonstrate  that  maximum 
symbol  populations  are  between  4  x  I03 
and  1CF  for  normal  values  of  D/S.  While 
these  values  are  attainable  for  ordered 
formats,  a  more  complex  problem  is  posed 
where  symbols  are  randomly  positioned, 
as  in  a  typical  situation  display, 

Random  Symbol  Arrays 
An  approach  to  this  problem  was  made 
by  considering  a  square  matrix  of  M 
total  symbol  positions  and  having  N  sym¬ 
bols  of  square  shape  randomly  placed 
on  the  matrix.  For  this  configuration,  an 
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S  =  n  - 
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FIGURE  Al 

expression  was  derived3  for  the  mean 
value  of  the  probability  that  two  or  more 
symbols  would  occupy  the  same  position 
as  a  function  of  the  display  load  ratio 
N/M,  In  Figure  5  the  mean  value  of  the 
percentage  of  overlapping  symbols  is 
plotted  as  a  function  of  the  load  ratio, 
The  scries  expression  for  the  distribution 
of  this  probability  function  is  not  easily 
evaluated,  but  is  expected  to  be  rather 
broad.  Inspection  of  Figure  5  indicates 
that  for  these  conditions,  the  mean  over¬ 
lap  percentage  is  equal  to  half  the  load 
percentage,  Extrapolation  of  this  data  is 
difficult,  since  neither  the  overlap  distri¬ 
bution  function  nor  the  analysis  of  par¬ 
tial  overlap  situations  is  readily  subject 
to  analytical  expression.  However,  it 
might  reasonably  be  postulated  that  load 
values  of  one  to  five  percent  would  re¬ 
sult  in  acceptably  small  overlap  percent¬ 
ages  for  typical  applications. 

For  a  specific  set  of  conditions,  a  more 
exact  analysis  can  be  effected  by  use  of 
Monte  Carlo  techniques  in  conjunction 
with  suitable  computer  programs  which 
take  into  consideration  various  data  for¬ 
mats,  format  distributions,  and  the  de¬ 
gree  to  which  data  is  not  randomly  posh 
tinned.  Having  this  type  of  data,  realistic 
maximum  display  load  values  can  be 
specified  for  various  degrees  of  data 
degradation  caused  by  symbol  overlaps. 

Conclusion 

It  should  be  realized  that  while  the 
preceding  analysis  will  enable  approxi¬ 


mate  determination  of  values  tor  such  I 
major  display  parameters  us  overall  size*!  t 
resolution,  symbol  size  and  maximum  in  1  s 
formation  content,  there  always  remainyl  j 
the  necessity  to  consider  system  inform  I 
mation  requirements  at  the  man -display 
interface,  and  other  psycho -physical  lim¬ 
itations  of  perception  which  may  pre 
elude  use  of  the  maximum  physical  capa¬ 
bilities  of  the  display  system. 

Appendix  A:  Determination  ot  Maxi¬ 
mum  number  of  Symbols  of  Limiting 
Resolution  that  can  Occupy  a  Square 
Screen 

Equation  1  of  the  text  showed  that  j“c 
relation  between  minimum  tesolvnbje 
element  size  and  viewing  distance  D 


v  =  0.0003  D  OL 

For  a  symbol  of  height  il  which  is  * 
times  e*  the  relation  between  syj™J 
size  H  and  viewing  distance  D  is 
fore 

e  ~  0.003  D  (AIM 

It  is  this  relation  which  is  plotted  1 
Figure  2. 

Assuming  a  rectangular  symbol  haJ'! . 
a  height  II  and  a  width  of  0.0511, 
is  a  typical  proportion  for  alphanufl™^ 
characters,  we  can  establish  nominal 
zontal  and  vertical  separations  of 
and  0.5H,  respectively.  Thus,  cacM/JJ 

1,  See  Appendix  A. 

2,  Tht'se  relations  sliictly  huJd  only  l°r 
the  screen  nt  a  normal  imglp, 

3,  Sre  App^nclfr  R, 
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FIGURE  A-  2 

boi  occupies  an  area  of  Q.75H  by  L5H. 
If  these  symbols  comprise  the  total  area 
of  a  square  screen  having  a  side  dimen¬ 
sion  S,  as  in  Figure  A-l,  the  total  num¬ 
ber  of  symbols  will  be  the  product  of 
the  numbers  along  the  vertical  and  hori¬ 
zontal  sides,  nt  and  n2.  However,  nx  and 
n2  arc  related  by  the  proportion  of  the 
symbol  area  so  that 

LS 
0,75 


S  ’  n2  H 


For  the  case  of  square  symbols  of 
height  H  adjacently  located  on  a  square 
screen  having  a  side  dimension  S,  as  in 
Figure  A-2,  the  total  number  of  discrim- 
in  able  symbols  is 


N  — n ,  x  n„  =n,  -  irr 


m 


n!>  =  Hi 


itT-  = 


:  [  3  x  10  '  D  ] 


Thus, 


( A2) 


=  (i) 


x  l.l  x  10s 


(A7) 


N  —  n,  x  n2  =  2n,. 


But, 


(A3) 


n,  = 


S  _ 

1.5H 


(A4) 


50 that  (A3)  becomes 

"  =  2  I  1.511  ]  =  089  ItH 

(A5) 

Substituting  (Al)  for  II  gives 

i 

N  =  0.89  [  3  x  j(j.s  d  ] 


It  should  be  emphasized  that  these 
represent  maximum  limit  values  which 
appreciably  exceed  those  which  normally 
would  be  used  when  other  factors  such 
as  the  effects  of  symbol  size  arid  quanti¬ 
ties  on  human  information  assimilation 
rates  are  considered. 


'  0.99  x  ID5  (  |7  ~  (§-)  x  10* 

<A6) 

^hich  relates  the  maximum  number  of 
r,0rttia1ly  discrim  mabic  symbols  to  the 
]'atio  of  viewing  distance  to  screen  size. 

^formation  display,  julymugust,  ms 


To  find  the  mean  value  of  the  number 
of  overlaps,  let  D  be  the  total  number 
of  occupied  matrix  locations.  The  mean 
number  of  overlaps  P  is  then 


P  =  N  —  D 


(hi) 


The  probability  that  a  given  location 
will  not  be  chosen  is 


N 


and  the  probability  that  it  will  be  chosen 
once  or  more  is 

>  -  (-M^f 

Therefore,  the  mean  value  of  Ds  which 
is  the  mean  value  of  unique  locations 
chosen  is 

(B2) 

From  (B*)  and  (B‘)  it  follows  that 
the  mean  number  of  overlaps  is 
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Numerical  evaluation  of  ( IF )  directly 
using  realistic  values  is  difficult  How¬ 
ever,  the  fact  that 


(■-;-) y  = 


(B4) 


if  y  >>x  permits  use  of  tables  of  natural 
logarithms  or  Poisson  distributions  for 
evaluation  if  (FF)  is  put  in  the  form 


P  =  N  -  M 
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The  mean  percentage  of  symbol  over¬ 
lap  cr  is  thus 
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Appendix  B:  Determination  of  Over¬ 
lap  Probability  of  Randomly  Placed 
Symbols 

A  partial  analytic  solution  to  the  prob¬ 
lem  of  randomly  placed  symbols  can  he 
obtained  by  considering  a  matrix  having 
M  total  symbol  locations  and  which  con¬ 
tains  N  symbols  located  at  random.  The 
mean  value  of  the  number  of  symbols 
which  overlap,  i.e.,  are  not  uniquely  lo¬ 
cated,  enables  determination  of  the  mean 
overlap  percentage.  Evaluation  of  the 
distribution  of  this  function  is  also  re¬ 
quired  for  a  complete  solution  to  the 
problem. 


(i 


-  N/M 
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which  has  been  evaluated  and  plotted 
in  Figure  5  of  the  text. 

Evaluation  of  the  overlap  distribution 
function  leads  to  iterative  expressions 
which  are  impractical  to  evaluate  except 
by  use  of  a  computer.  While  this  was 
beyond  the  scope  of  the  present  investi¬ 
gation,  it  is  evident  that  further  effort  in 
this  area  would  yield  useful  data. 


The  author  wtntltl  like  to  acknowledge  the  assist¬ 
ance  of  Mr.  David  M,  Jones  in  the  area  of  proba¬ 
bility  analyst, 
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Some  Pragmatic  Considerations 
Influencing  the  Selection  of 
Air  Force  Display  Techniques 

by  Edmund  ].  Kennedy 


Abstract 

The  selection  by  the  Air  force 
from  among  many  promising  display 
techniques  is  influenced  in  part  by 
pragmattc  considerations  that  are 
sometimes  overlooked.  These  con* 
s<d orations  include  logistics,  availa¬ 
bility  and  cost. 

Data  is  presented  on  the  impact 
of  these  on  industry  and  the  Air 
force  and  the  ill  effects  of  failing  to 
provide  for  the  practical  things.  In 
seme  cases  these  ill  effects,  that 
could  have  been  avoided,  have  un 
justifiably  been  interpreted  as  limi 
tations  of  the  technique. 

A  useful  approach  to  dealing  with 
pragmatic  considerations  is  to  relate 
them  to  total  cost  over  the  lifetime 
of  the  system  and  a  simple  concep¬ 
tual  approach  to  the  problem  is  pre¬ 
sented- 


Introduction 

The  Air  Force  and  Industry,  for  dif¬ 
ferent  reasons^  have  a  common  interest 
in  providing  ihe  best  possible  displays 
to  the  operational  commands.  Some¬ 
times  there  is  disagreement  between 
these  two  parties  that  is  based  on  a  tem¬ 
porary  failure  to  recognize  this  common 
interest.  But  more  often  there  is  a  fail¬ 
ure  on  the  part  of  one  or  both  to  under¬ 
stand  just  what  constitutes  the  best 
possible  display.  This  is  readily  under¬ 
standable  since  the  best  possible  any¬ 
thing  cannot  be  defined  except  in  terms 
of  one  or  more  characteristics*  The  best 
possible  display  is  in  fact  defined  in 
terms  of  multitude  of  interdependent 
variables  that  interact  in  seemingly  mys¬ 
tical  ways  to  confound  and  confuse  ihe 
display  engineer.  By  now  most  of  us 
have  a  good  grasp  of  engineering  design 
considerations  and  how  they  interact 
with  operational  requirements  and  cost 
factors.  However,  there  are  a  few  things 
that  appear  to  have  been  neglected. 
The  purpose  of  this  paper  is  to  show 
that  in  addition  to  the  usual,  well-known 
factors,  there  are  practical  considerations 
often  overlooked  by  industry  that  are 
becoming  of  prime  interest  to  the  Air 
Force  in  deciding  the  direction  of  dis¬ 
play  development.  These  considerations 
can,  and  reasonably  should,  become  part 
of  the  defining  characteristics  of  the  best 
possible  display. 


Although  there  have  been  some  re¬ 
warding  efforts  in  this  direction,  there 
is  no  way,  at  the  present  time,  to  quanti¬ 
fy  all  the  characteristics,  and  it  is  even 
more  impossible  to  set  up  equations  that 
one  can  solve  to  find  the  best  display* 
However,  many  of  these  characteristics 
can  be  examined  in  relative  isolation, 
quantified,  and  empirical  equations  de¬ 
vised  tu  examine  them. 

The  Process  of  Selection 
The  specific  factors  and  the  factor 
weighings  that  are  used  to  select  hard¬ 
ware  for  systems  application  are  not  re- 
leasiblc.  In  any  event  they  will  vary  to 
conform  to  the  requirements  of  particu¬ 
lar  applications.  Historically,  the  factors 
cover  the  areas  of  engineering,  manage¬ 
ment  and  cost  of  acquisition*  Seemingly* 
these  very  broad  areas  should  be  quite 
enough  to  permit  selection  of  the  equip¬ 
ment  to  provide  the  best  display.  And, 
depending  on  the  criteria  that  one  uses 
to  judge,  the  Air  Force  usually  does  get 
the  best  of  those  proposed*  In  many 
cases  the  display  could  have  been  bet¬ 
tered  had  additional  factors  been  fully 
considered.  Experience  has  demonstrated 
that  pragmatic  considerations  such  as 
logistics,  availability,  and  total  cost  are 


at  least  as  important  in  hardware 
tion  as  thG  more  usual  consideration^ 
brightness,  contrast  and  response 

The  selection  of  industry  proposal*  r!B 
development  is  based  on  somewhat  m^a 
ephemeral  characteristics  than  those  usd 
for  systems  hardware.  However,  the  sSi 
dfie  development  items  proposed  byjjffl 
Force  agencies  or  by  industry  for  hi: 
mg  are  those  that  are  aimed  events 
at  Air  Force  systems  use,  These  su, 
practical  considerations  must  be  inclul 
among  the  critical  factors  that  lead  L 
selection  or  rejection.  In  fact  now  tW 
we  have  some  experience  and  some  dis¬ 
play  capability  to  serve  as  a  basis  kt 
judgement,  the  pragmatic  are  becom; 
some  of  tbc  more  critical  criteria. 

Pragmatic  Considerations 

In  display  engineering  or  any  otlie: 
form  of  engineering  as  well  as  in  the 
management  of  our  lives  and  careers;! 
we  are  faced  with  a  continuing  series  of 
compromises  and  tradeoffs.  These  trade 
offs  are  normally  made  on  the  basis  of; 
very  practical  considerations.  There 
multitudes  of  practical  considerations] 
and  the  importance  of  given  ones  cove 
a  wide  range  and  varies  greatly  from  one- 
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(j(>n  to  another.  In  one  way  or  an* 
myst  of  them  are  accounted  for 
^  I  W(>rkuig  solutions  for  problems  are 
^vtdcd*  Nevertheless,  it  is  impossible 
PrtJilt,c0nnt  for  eveiy  single  factor  affect- 
{Q  t  f|ie  practicality  of  a  hardware  devel- 
nent  .  h  would  be  a  useless  effort  even 
nyt  However,  experience  has  shown 
j?  I  dwre  are  a  few,  very  important, 
rietalfr;d)]e  considerations  that  are 
^rlookcd  through  neglect,  lack  of  tin* 
Lutanding,  or  the  attitude  that  they 
fl(e*  Sf,meoTie  else  s  problem, 
paj]ure  to  provide  for  these  considers* 
^on$  for  these  reasons  leads  to  poor  ex- 
pfrjieiKC  with  die  hardware  tfiat  has  bad 
Effects  for  both  Air  Force  and  industry, 
failures  of  this  type  in  their  effects  are 
v^,y  difficult  to  distinguish  from  poor 
performance  due  to  inherent  limitations 
if  the  technique. 

The  problem  for  industry  is  to  find 
pieaiis  to  insure  that  their  technique  and 
equipment  developments  do  not  over¬ 
look  ct  ideal  practical  considerations.  The 
problem  for  Air  Force  is  to  recognise 
the  difference  between  technique  limited 
and  inadequately  engineered  hardware. 
Neither  problem  has  an  immediate  solu¬ 
tion,  but  careful  attention  on  the  part  of 
industry  to  factors  affecting  the  long 
range  practicality  of  their  products  Is  a 
first  step. 

Figure  1A  indicates  the  possible  costs 
of  some  hypothetical  display  systems  as 
they  are  usually  considered.  Since  tech¬ 
nique  D  is  most  expensive,  B  and  C  are 
less  and  equal  and  A  is  least  expensive, 
technique  A  is  the  obvious  choice  .  ♦  . 

Figure  1R,  however,  brings  us  to  an 
example  of  our  first  and  probably  in 
many  cases  most  important  pragmatic 
consideration  —  Total  cost  over  the  life 
of  the  system. 

FIGURE  18 


A  number  of  assumptions,  perhaps  un¬ 
warranted,  must  be  made  for  the  sake 
of  discussion  and  illustration.  First,  is 
that  the  annual  cost  of  a  display  is  de¬ 
terminable;  second,  is  that  the  annual 
cost  is  constant  over  tho  life  of  the 
equipment;  third,  is  that  the  initial  cost 
is  determinable.  Assuming  the  assump¬ 
tions  to  be  true,  the  total  cost  of  a  dis¬ 
play  system  can  be  expressed  by  the 
slope-intercept  equation  Y  =  MX  +B, 
where  Y  —  Total  Cost,  M  =  Annual 
Cost,  B  —  Initial  Cost,  and  X  ~  Time 
in  Years.  The  set  of  equations  shown  in 
Figure  IB  are  extremely  useful  as  aids 
to  the  discussion  of  display  costs.  It  is 
immediately  obvious  that  initial  cost  of 
procurement  can  be  relatively  overrated 
as  the  deciding  factor  in  the  choice  of  a 
technique  (Y  A  B).  Similarly  annual 
cost  alone  cannot  act  as  a  basis  for  de¬ 
cision  (Y  A  M )  >  nor  can  initial  cost  and 
annual  cost  provide  an  adequate  basis 
for  judgement  without  consideration  of 
time  (YA  M  +  B).  Only  when  the  time 
that  the  equipment  will  be  in  the  inven¬ 
tory  is  considered  can  a  choice  be  made 
among  A,  B,  C  and  D.  Other  examples 
of  pragmatic  considerations  might  be: 

Logistics 

In  some  instances  one  of  the  primary 
problems  in  logistics  is  the  sheer  bulk  of 
the  expendable  material  that  must  be 
supplied  simply  to  keep  equipment  work¬ 
ing.  From  die  standpoint  of  logistics  this 
is  not  a  severe  problem  for  installations 
within  the  ZI  where  transport  is  no  prob¬ 
lem  and  storage  is  relatively  simple.  The 
problems  are  much  more  severe  in  re¬ 
mote  localities,  particularly  those  sites 
that  can  be  supplied  only  at  infrequent 
intervals  due  to  weather  or  other  factors. 
Logistics  becomes  highly  critical  for  the 


TOTAL  COST  OF  DISPLAYS 


TECH 


TECH  "A" 


-1 

10 


FILM  USAGE  FOR  THREE  SYSTEMS 


FIGURE  2A 

airborne  command  post.  Therefore,  we 
must  be  extremely  careful  to  choose  tech¬ 
niques  that  have  logistic  requirements 
compatible  with  the  environment  in 
which  they  are  to  be  used.  Within  a 
given  technique  equal  attention  must  be 
devoted  to  design  decisions  that  affect 
the  mass  of  logistics  required  for  a  spe¬ 
cific  application. 

Among  film  systems  two  of  the  de¬ 
cisions  with  far  reaching  implications 
have  been  the  choice  of  film  size,  and 
the  processing  technique.  Recognize 
clearly  that  there  are  very  many  vari¬ 
ables  influencing  these  decisions.  Not 
the  least  of  these  are  the  quality  of  tho 
display  itself  and  the  state  of  the  art  at 
the  time  of  decision.  However,  for  the 
sake  of  illustration,  these  can  be  ignored. 

Figure  2  shows  the  am  out  of  film  and 
the  quantity  of  processing  fluids  required 
annually  for  three  alternative  design  ap¬ 
proaches. 

The  center  curve  is  representative  of 
an  approach  that  is  based  on  a  two  step 
negative-positive  approach  using  70  mm 
film.  Despite  any  other  advantages  the 
approach  may  have,  it  does  use  consider¬ 
ably  more  film  than  an  alternative  ap¬ 
proach,  bottom,  based  on  a  35  mm  re¬ 
versal  technique.  The  curves  for  both  of 
these  are  indicative  of  the  best  designs 
within  their  respective  approaches  to  a 
film  system.  Often  there  are  alternative 
designs  such  as  that  shown  in  at  the  lop 
for  a  35  mni  reversal  system  that  uses 
large  film  loops  and  thus  dissipates  the 
saving  in  bulk  inherent  hi  the  approach. 
These  differences  have  little  practical 
impact  until  there  is  a  need  for  contin¬ 
ual  very  rapid  updating.  Similar  effects 
on  the  volume  of  chemicals  required  are 
complicated  by  the  different  effects  of 
recirculation  and  disposal  of  used  fluids. 

Aside  from  sheer  bulk,  a  major  compli¬ 
cation  for  logistics  is  the  inclusion  of 
rave,  costly  items  of  a  critical  nature  as 
a  part  of  the  design.  This  is  particularly 
important  since  such  an  item  could  make 
a  display  unsuitable  for  field  use. 
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COM  PA  Ri  SQM  PF  T  WO  APPROACHES  TO  FILM  PRQCES5IN6 


FIGURE  2B 


Availability 

Availability  cnu  be  one  of  the  most 
critical  of  all  practical  considerations  iu 
the  selection  of  techniques  and  hardware. 
The  recent  moon  launch  is  a  perfect 
anecdotal  example  of  an  expensive  high¬ 
ly  complicated  beautifully  executed  mis¬ 
sion  that  was  wasted  because  the  power 
to  the  TV  cameras  was  not  available 
when  needed.  Availability  is  determined 
by  both  reliability  and  maintainability. 
Many  of  our  present  day  displays  rely  on 
xenon  lamps  as  light  sources,  MTBFs 
for  xenon  lamps  are  usually  stated  at 
about  1 000  hours  but  actually  this  figure 
is  low.  Nevertheless*  they  do  fail.  Since 
these  lamps  are  under  many  atmospheres 
pressure  prudence  requires  that  they  first 
be  permitted  to  cool  and  then  be  en- 
FIGURE  3 


closed  in  a  plastic  safety  shield  before 
removal.  A  good  estimate  is  that  50  to 
60  minutes  is  required  for  replacement. 
This  is  not  a  very  long  time  but  that 
specific  hour  could  be  critical.  There¬ 
fore*  good  design  insures  that  this  is  not 
a  limiting  factor  in  the  technique  by  pro¬ 
viding  for  automatic  insertion  of  a  new 
standby  lamp  into  the  operating  portion 
of  the  display. 

The  cathodes  used  in  the  light  valves 
have  MTBFs  variously  estimated  at  from 
25  to  100  hours.  For  these  devices  spe¬ 
cific  attention  must  be  devoted  to  in¬ 
creasing  life  and  reducing  replacement 
time  if  they  are  to  achieve  their  full 
promise  for  military  applications. 

A  very  severe  problem  of  a  somewhat 
different  nature  is  faced  by  the  discrete 
element  displays.  In  order  to  achieve 
good  resolution,  a  large  number  of  ele¬ 
ments  in  both  X  and  Y  are  needed.  As¬ 
suming  an  equal  number  in  each  direc¬ 
tion,  the  total  number  increases  as  the 
square  of  the  linear  increases.  Doubling 
from  500  to  1000  elements  in  X  and  Y 
increases  tire  total  from  250,000  to 
1,000,000  elements.  Based  on  seven 
components  for  each  element  and  one 
million  elements  MTBF  as  shown  in 
figure  3  is  about  0.1  hours.  This  figure, 
of  course,  is  for  a  single  element  failure 
and  more  than  one  can  be  tolerated. 

Micro  electronic  techniques  have  the 
potential  for  eliminating  any  reservations 
about  reliability  due  to  this  factor  at 
least.  Assuming  ten  image  elements  per 
chip  and  one  million  elements  MTBF 
will  approximate  100  hours  for  a  single 
element  failure,  and  ten  hours  for  a  10 
million  element  array,  MTBFs  for  fail- 
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ures  up  to  1.0%  of  the  total  ar 
shown  as  n  sample  of  what  r 
peeled,  11  b' 

Of  course  another  way  to  handl 
ability  is  by  duplexing  and  nntltfci 
circuits  components  and  display* 


selves*  Similarly,  there  are  no  pjr  !  J® 
of  logistics  that  cannot  be  solved  hh 
ting  something  bigger  and  better  i 
might  be  ships,  storage  facilities  ‘iJ 
in  the  ground  or  boosters  tor 
These  and  most  other  practical  cnu-2 
at  ions  can  be  accommodated  if 
tolerate  the  cost.  Cost  k  a  very 

ing  measure  that  has  universal  moan 

and  is  very  easy  to  describe  and 
stand  in  terms  of  the  slope-hu^ 
equation  illustration  in  Figure  tlV 
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FIGURE  4 

Costs 

Any  known  technique  has  limitation^ 
that  are  real  and  absolute.  However,1 
many  techniques  have  apparent  IhnitM 
Hons  that  can  be  overcome  by  inventive 
ness  and  ingenuity  or,  in  some  eases,  by 
scrupulous  attention  to  pragmatic  eon-j 
siderations  in  engineering.  Total  cost  ever 
the  life  of  a  display  system  must  neces-J 
sarily  be  considered  in  deciding  (q 
courses  of  action.  The  following  exampW 
show  how  cost  can  be  considered,  short! 
what  can  be  real  or  apparent  1  imf tatiOTsj 
and,  in  some  cases,  indicate  possibly 
solutions. 


Scribe  Systems 

These  systems,  for  specific  apply, 
irons,  have  a  number  of  appealing 
tores.  One  of  the  outstanding  features 
low  initial  cost.  However,  the  cost  of*1 
glass  or  metal  slide  upon  which  the  dfl 
are  scribed  is  relatively  high.  Thus,  1 
verting  to  our  equation  Y  =  MX  + 

tkai*a  ft*  fmWi  m3-  ti  ii-fc!**  It  fl  I  1  1 1£  R  J 

tW 

thfl! 


22 


these  systems  have  low  B  and  a  high  ; 
Comparison  with  oilier  systems,  on 
basis,  Is  complicated  by  the  fact  1 
these  systems  unlike  film  systems  hflj| 
an  inherent  capability  to  add  on  t0 1  * 
existing  display  instead  of  regen  era  t|Jl 
a  complete  new  display  as  in  the  ‘l 

INFORMATION  DISPLAY,  JULY /AUGUST. 


i»"V 

H  cnii* 
jVS*61’1 

ar*W 
prutfj  1  .j 
the*spto 
The  ‘I 
no  d«'isi 
rspe"sivc 

Phials. 

Film  Syst' 

Ft  epres 

terns  tho! 
erate 
costs  th| 

jjfemdy 

In  par 

inherent 
throw 
The  at 
and  the 
deferable 

by  the 

plication 

real  i/a  tit 

critical 
Aside 
neering 
niques 
proache 
teclmiqi 
first  of 
costs  b 
ing  a  i 
that  ar 
tliredio 
plastic 
ing  tech 
result  I 
a  large 
consul* 
many  £ 
tfal  co 
slightly 
result 
pated 
An 
one  tlu 
by  pro 
of  a  si 
three  f 
nique^  ! 
pact  o 
annual, 
more  i 
displaj 
oliminj 
tarrefl 
affect 
relnxui 

mgs  i 

^ost  tlS 

Lig 
Wit 


tfirtS*  an  operational  situation  that 
s* mires  tracking  aircraft,  a  single  slide 
rf  Y  handle  the  original  track  and  as 
CBl  y  no  dates  as  can  he  tolerated* 

**  ^  comparison  of  the  costs  of  a  scribe 
and  a  film  system  is  shown  in 
rrnre  *1  and  must  account  for  the  rate 
f  updating,  the  maximum  time  per* 
11  uted  between  updates,  and  the  maxi- 
J1  mi  number  of  updates  permitted  on 
Redisplay- 

The  data  show  clearly  that  there  is 
decision  that  one  or  the  other  Is  less 
fxpensive»  AH  one  can  say  is  that  “it  de- 
pend*-* 

Film  Systems 

Representative  high  quality  film  sys¬ 
tems  that  can  be  built  today  have  mod* 
crate  initial  costs  and  annual  running 
costs  that  can  vary  from  moderate  to  ex¬ 
tremely  high. 

In  part  the  annual  cost,  is  due  to  the 
inherent  nature  of  the  film  system  -  you 
throw  away  the  film. 


The  amount  of  film  that  is  thrown  away 
and  the  annual  cost  varies  over  a  con¬ 
siderable  range.  The  range  is  determined 
by  the  choice  of  technique  and  the  ap¬ 
plication  of  engineering  skill  based  on  a 
realization  that  the  annual  cost  is  as 
esitieal  as  the  initial  cost. 

Aside  from  skillful,  purposeful  engi¬ 
neering  based  on  conventional  tech¬ 
niques  there  are  some  interesting  ap¬ 
proaches  to  extending  any  limits  of  the 
technique  by  reducing  film  costs.  The 
first  of  these  is  aimed  at  reducing  film 
costs  by  reusing  the  film  or  by  provid¬ 
ing  a  reusable  counterpart  Approaches 
that  are  showing  some  promise  in  this 
direction  are  thermoplastic  and  photo- 
plastic  recording,  and  electrostatic  print¬ 
ing  techniques.  If  any  of  these  approaches 
result  in  a  reusable  medium  capable  of 
a  large  number  of  reuses  at  a  unit  cost 
considerably  less  than  conventional  film 
many  gains  can  be  anticipated*  The  mi- 
tial  cost  of  systems  will  probably  rise 
slightly  but  the  decreased  annual  cost  will 
result  in  lower  total  cost  if  the  antici¬ 
pated  life  of  the  system  is  long  enough  * 
An  extremely  interesting  approach  is 
one  that  is  aimed  at  reducing  film  cost 
ky  providing  a  color  display  by  means 
■j!  a  single  film  frame  rather  than  the 
three  frames  presently  used.  Such  a  tech* 
riknu\  if  feasible,  could  have  a  great  im- 
l)at't  mi  film  systems.  It  could  reduce 
aimual  film  cost  by  two-thirds.  Much 
5Qve  important,  could  be  the  impact  on 
teplay  design,  A1  the  very  least  it  would 
p  min  ate  two  of  the  three  projection 
^aireljj.  The  effects  of  this  change  could 
e  the  design  of  the  entire  system  by 
'axing  the  severe  r equipments  for  reg- 
>  ration  and  result  in  considerable  sav- 
in  the  initial  cost  and  the  annual 
as  shown  in  figure  0. 

V  Light  Valves 

Vith  ple  advent  of  the  light  valves  it 
^  °*MATlON  DISPLAY.  JULY/AUGUST,  19A5 


might  appear  that  most  of  the  cost  prob¬ 
lems  will  reduce  tn  trivia.  After  all,  these 
devices  ore  already  available  commer¬ 
cial  Ily  and  they  are  in  use  in  the  enter¬ 
tainment  field  and  have  appeared  in 
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FIGURE  5 


some  military  applications. 

The  application  of  the  light  valve  to 
the  computer  driven  command  and  con¬ 
trol  environment  imposes  requirements 
that  are  much  more  severe  than  those  for 
presenting  a  championship  fight  in  a 
theatre  once  nr  twice  a  year,  Greatly  in¬ 
creased  performance  must  be  provided 
in  hardware  that  is  extremely  reliable 
and  maintainable.  These  requirements 
interact  to  their  mutual  disadvantage.  In¬ 
creased  performance  is  provided  by  more 
and  better  equipment  that,  in  the  ab¬ 
sence  of  extreme  care,  becomes  less  re¬ 
liable  and  maintainable.  Even  when 
these  requirements  are  met,  the  initial 
cost  of  die  equipment  is  likely  to  be  an 
order  of  magnitude  greater  than  com* 
rn  erci  ally  avail  able  eq  u  i  p  men  t , 

Annual  cost  can  become  a  highly  criti- 


TOTAL  SVSTEM  COST 


cal  item  if  reliability  is  lowr.  Aside  from 
maintenance  normal  to  any  electronic/ 
mechanical  system  two  expendable  items 
are  relatively  short  lived  and  expensive. 
The  xenon  lamps  have  a  rated  life  of  at 
least  1Q0Q  hours  or  six  weeks*  The  cost 
is  roughly  $400  each  or  perhaps  $3,500 
per  year  for  each  display.  Not  a  very 
large  amount,  and  very  likely  unavoid¬ 
able,  so  little  energy  need  be  devoted  to 
it.  However,  the  cathode,  which  is  es¬ 
sential  to  the  operation  of  the  equipment 


lias  an  average  life  ranging  from  35  to 
100  hours*  In  the  present  designs,  the 
short  cathode  life  is  due  to  the  fact  that 
the  cathode  is  in  the  same  chamber  as 
the  oil;  the  vaporised  oil  forms  deposits 
on  the  cathode  that  lead  to  failure.  The 
annual  cost  of  cathodes  can  ho  extreme¬ 
ly  high*  The  light  valve  that  meets  mili¬ 
tary  requirements  can  be  considered  as 
a  device  with  a  high  initial  cost  and  a 
moderate  to  low  annual  cost* 

The  attractiveness  of  the  light  valve 
will  be  considerably  increased  if  the  an¬ 
nual  cost  of  operation  can  be  reduced 
to  a  minimum  by  building  in  high  relia¬ 
bility* 


i 


General  Considerations 
The  importance  of  pragmatic  consider¬ 
ations  in  guiding  the  development  of  dis¬ 
play  systems  and  techniques  is  only  be¬ 
ginning  to  be  realized.  One  of  the  most 
useful  of  these  is  the  total  cost*  Major 
contributions  to  the  total  cost,  like  many 
taxes,  are  often  disguised  or  hidden* 
Among  the  more  important  of  these  are 
the  costs  for  technical  data  and  for  aero¬ 
space  ground  equipment  (AGE),  A  criti¬ 
cal  look  at  Air  Force  requirements  for 
technical  data  and  contractors'  costs  and 
performance  in  providing  AGE  is  needed 
if  we  are  to  control  total  cost. 

There  is  an  apparent  feeling  in  some 
circles  that  AGE  is  the  proper  vehicle 
for  recovering  losses  due  to  low  bids  on 
the  prime  equipment.  This  attitude  is  re¬ 
flected  in  unreasonable  costs* 

A  much  more  difficult  problem  is  when 
a  contractor  fails  to  provide,  in  his  de¬ 
sign  of  prime  equipment,  for  the  check¬ 
out  and  testing  that  the  AGE  equip¬ 
ment  is  designed  to  perform*  This  results 
in  an  adapter/converter  between  prime 
equipment  and  AGE  at  a  cost  of  many 
thousands  of  dollars. 


Conclusions 

Failure  to  consider  practical  factors 
can  lead  to  hardware  designs  that  are 
poor  approaches  to  a  best  possible  dis¬ 
play  consistent  with  the  state  of  the  art* 

Such  designs  do  not  provide  Air  Force 
with  desired  capability  and  are  easily 
confused  with  technique  limitations.  This 
can  lead  to  premature  abandonment  of 
useful  techniques. 

One  useful  approach  to  dealing  with 
pragmatic  considerations  is  to  relate  them 
to  Total  Cost.  Total  Cost  can  be  related 
to  Initial  Cost,  Annual  Cost,  and  Useful 
Life  of  the  equipment. 

Total  Cost  is  influenced  by  many  fac¬ 
tors,  not  all  of  which  are  obvious,  How¬ 
ever  certain  key  items  are  expendable 
materials,  main  ten  an  ee/ rel  i  a  bi  li  ty ,  and 
AGE* 

Air  Force  is  undertaking  a  program  to 
obtain  data,  define  and  quantify  many 
of  the  variables  affecting  the  cost  and  ef¬ 
fectiveness  of  display  equipment. 
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Information  and  display  systems  are  our  business,  and  we’ve  carried  their  sophistication 
sky-high.  Our  PARD  (Precision  Annotated  Retrieval  Display)  airborne  data  storage,  retrieval 
and  display  system  is  a  case  in  point.  It  presents  real-time  television  displays  of  all  re¬ 
connaissance/surveillance  information  received  from  sensor  aircraft  criss-crossing  a  com¬ 
bat  area.  It  integrates  this  information  with  maps,  charts,  and  up-to-the-minute  radioed 
data.  It  carries  a  library  of  intelligence  information  at  its  heart,  stored  on  5000  rapidly 
accessible  microfilm  aperture  cards.  The  result  is  a  complete  picture  of  “what's  going  on” 
at  any  moment  over  an  area  which  may  cover  hundreds  of  square  miles.  You  can  enlarge 
any  part  of  the  image  on  the  high-resolution  TV  displays  up  to  250  times.,  .always  in  focus. 
Write  and  erase  on  the  display.  Obtain  hard  copies  in  seconds.  Urgent  requirements?  We 
delivered  the  complete  PARD  system  in  just  58  days.  GPL  can  put  together  a  system  to  suit 
your  needs. ..simple  manual  to  complex  computer  display, 
plus  remote  data  handling.  The  system  can  grow  as  your  re¬ 
quirements  evolve.  Let  us  show  you  how  we’ve  solved  display 
problems... perhaps  similar  to  yours.  Write:  GPL  Division,  Dept. 

ID75, General  Precision,  Inc.,  Pleasantville,  New  York  10570. 
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MAN .  .  . 

And  the  Navigation- Display  Interfa* 


Editor's  Note 

Continuing  its  policy  of  participa 
tion  in  ID-oriented  technical  sym¬ 
posia  with  other  professional  and 
scientific  societies,  the  SOCIETY 
FOR  INFORMATION  DISPLAY  co¬ 
sponsored  the  institute  of  Naviga¬ 
tion's  twenty  first  annua!  meeting 
June  21-23  in  Long  Beach,  Calif. 
The  June  22  luncheon  address  by 
David  B.  Nichinson,  President  of 
Kolisman  Instrument  Corp.,  is  re¬ 
printed  here  in  its  entirety  because 
of  its  interest  to  readers  of  INFOR¬ 
MATION  DISPLAY. 


1  am  truly  pleased  to  have  been  in¬ 
vited  to  express  a  few  comments  at  to¬ 
day's  luncheon.  This  joint  session  with 
the  Society  for  Information  Display  is, 
to  me,  particularly  significant  and  per¬ 
haps  even  symbolic. 

As  you  know,  I  have  been  identified 
with  the  navigation  profession  for  quite 
a  few  years.  Most  members  of  our  pro¬ 
fession,  perhaps  like  those  fortunate  ones 
in  other  technical  fraternities,  truly  enjoy 
their  chosen  work.  We  enjoy  talking 
about  our  work  —  its  problems  —  its 
challenges  —  and  the  potential  solutions. 
Wo  communicate  freely  —  with  one  an¬ 
other,  This  work  becomes  a  way  of  life, 
At  times,  to  the  lament  of  our  wives  and 
our  families,  our  treasured  work  becomes 
almost  life  itself. 

Periodically,  however,  I  feel  uncom¬ 
fortable  about  what  appears  to  be  ex¬ 
cessive  inbreeding  in  the  exchange  of 
our  ideas.  The  Dopplers  fight  the  Iner- 
tials  —  even  the  Celestials  fight  the  Iner- 
tials  —  and  suddenly  we  effect  a  tem¬ 
porary  peace  with  a  Stellar- Inertial 
Doppler  —  or  a  Doppler  Inertial  —  and 
conjure  up  an  appropriate  acronym.  Our 
exchanges,  however,  are  much  too  con¬ 
fined  for  they  are  with  one  another. 

Navigation  is  prerequisite  to  effective- 
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lv  arriving  at  the  selected  destination. 
It  is  not,  however,  the  end  in  itself.  With 
the  utmost  of  perfection  in  our  naviga¬ 
tional  techniques  and  measurement,  we 
must  still  resort  to  other  subsystems  if 
we  are  to  successfully  complete  our  mis¬ 
sion.  The  complexities  of  today's  assign¬ 
ments  require  the  interface  and  reitera¬ 
tive  exchange  with  many  other  disci¬ 
plines. 

At  a  session  like  today's,  we  are  not 
only  communicating  what  we  know, 
what  we  think,  what  we  propose,  but 
we  are  sharing  these  possessions  with 
others  who,  in  their  own  faiths  have  also 
been  culled  upon  —  who  are  to  partici¬ 
pate  along  with  us  to  jointly  attain  our 
common  goal  —  the  timely  and  effective 
arrival  at  our  destination* 

There  is  something  else  symbolic  in 
todays  navigation  display  program.  The 
Institute  of  Navigation  is  primarily  con¬ 
cerned  with  the  development  of  quanti¬ 
tative  information,  its  acquisition,  its 
processing,  and  its  application  to  the 
successful  execution  of  the  navigational 
equation,  Throughout  its  domain,  the 
information  is  factual,  physical  and  ob¬ 
jective. 

The  Society  for  Information  Display 
enters  with  the  acknowledged  accept¬ 
ance  of  man  within  the  system  and  con¬ 
centrates  on  the  manner  of  communicat¬ 
ing  with  this  vital,  most  critical,  but, 
unfortunately,  the  most  subjective  and 
most  unknown  facet  of  the  total  system. 
The  acknowledged  and  accepted  return 
of  man  as  an  indigenous  part  of  our 
system  (or  at  least  as  part  of  many  of 
our  newer  systems)  is,  to  me,  most  grati¬ 
fying,  Mans  positive  responsibility  for  in¬ 
formation  management  and  decision  is, 
indeed,  encouraging 

My  comment  on  man's  return  may  be 
greeted  with  some  skepticism  —  for  when 
did  he  abandon  ibis  role?  During  the  last 
war,  starting  around  1940,  truly  revo- 


, 


lotion  ary  strides  were  made  in  the  fid 
of  electronics*  This  progress  and  the  m" 
tendmit  development  of  servos,  anaH 
computers,  and  the  previously  umi 
tered  portions  of  the  elect  reran  agtieg] 
spectrum,  all  fostered  an  intensified  erl 
of  push-button  thinking.  Man  was  callif 
upon  to  create  new  machines  -  but  su 
consciously,  or  perhaps  even  conscious]? 
was  being  evicted  from  his  own  m& 
chine's  decision  process  —  except  for  thaj 
push-button.  While  the  basic  technoli 
gies  were  advancing  and  even  gnllo; 
ing,  and  high  degrees  of  automation  wen 
surprisingly  being  achieved  -  almost 
those  ever-appearing  strains  of  new  vi 
ruses  —  the  simple  push-button  proved 
almost  diabolically  evasive. 

The  dynamics  and  the  complexities  o\ 
evolving  systems  seemed  to  multiply  fast; 
er  than  die  automated  solutions  appeared 
The  need  for  increased  precision,  grea| 
er  speed,  and  more  expanded  scope,  co 
lectively  necessitated  whole  new  ord| 
of  quantitative  measurement  and  pro} 
cessing.  The  exponential  explosion  of  * 
endeavors  added  so  many  more  variable 
that  man  s  unique  decision  abilities  h^j 
came  more  engulfed  in  information 
agement  and  the  decision  process  thar 
ever  before. 

We  are  now  desperately  in  need  01 
man  —  inside  and  outside  his  vehicle 
Man  is  not  to  hold  back  the  advancim 
tide  of  automation,  nor  is  he  to  pres# 
those  functions  which  can  K  doji' 
better  and  easier  by  his  creations,  hut  W 
is  still,  and  vitally,  required  iu 
that  being  done  —  to  control  it  -  to 
it  wisely.  Man  must  not  he  transform#' 
to  the  servanl  of  his  own  creation 
must  remain  the  master.  For  oxatflP 
our  large  command  and  control  install1 
tions  are  not,  in  themselves,  managing  * 
situation.  They  are  but  accumulating  ^ 
reporting  basic  and  prerequisite  in  fort*1 
(ion  and  are  but  part  of  mans  ded^1 
INFORMATION  DISPLAY.  JULY/ AUGUST-  1 
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process  and  resp on sibil ity< 

^  also  now  focusing  attention  on 

m\y  the  introduction  of  man,  but 
ftre  almost  in  search  of  a  new  mam 
*7>  ir,nst  get  to  know  him  —  to  train 
.  ^  to  enhance  his  abilities  —  to  fill- 

jin  the  essential  role  of  greater  and  more 
®  possible  decision  making.  We  are  not 
|fS  ply  expecting  him  to  create  -  he  is 
and  he  intist.  participate* 

Returning  to  our  navigation  domain  — 

■  it  rigorous  sense,  navigation  involves 
T  vehicle's  present  position  and  the 
*  {{lXSe  nnd  distance  to  Us  destination, 
ryhile  the  somewhat  static,  though  re- 
t+etntive^  characteristics  of  this  basic  in- 
foniintion  can  be  transformed  to  more 
(dCrttthigfid  dynamic  terms  and  thereby 
|>1E?vide  prior  trends  and  even  anticipate 
JuUire  evolutions,  the  actual  decision  pro- 
ct^s  must,  by  necessity,  give  due  consid¬ 
eration  to  n  wealth  of  other  related 
environmental  factors, 

In  the  case  of  a  simple  aircraft,  the 
course  to  be  pursued  could  be  materially 
influenced  not  only  by  the  static  factual 
data  of  present  position  and  destination, 
but,  at  times,  influenced  even  more  so 
by  weather,  fuel  consumption,  traffic, 
equipment  limitations,  or  even  difficul¬ 
ties.  All  such  pertinent  information  must 
be  processed  for  more  proper  decision. 
In  a  true  practical  sense,  man  alone  cur¬ 
rently  possesses  the  basic  abilities  to  per¬ 
form  this  function.  All  of  this  informa¬ 
tion,  therefore,  must  be  effectively  com¬ 
municated  to  man  for  his  management, 
for  his  digestion,  and  for  his  decision. 

Information  management,  under  dif¬ 
ferent  names,  has  been  with  man  from 
his  very  beginning.  Man,  using  his  natur¬ 
al  sensing  elements,  has  received  inputs 
regarding  environmental  conditions, 
physical  well-being,  proximity  to  danger, 
etc,,  and  has  reacted,  or  processed,  these 
Inputs  to  motivate  his  actions.  Man's 
social  evolution  has  enhanced  some  of 
these  abilities,  while  others  have  been 
attenuated  since  they  may  no  longer  be 
truly  essential  to  self-preservation  nor 
prerequisite  to  man’s  pursuits. 

Although  we  live  in  the  “push  button” 
er^  analytical  system  engineering  analy- 
as  well  as  empirical  experience,  has 
j^ght  us  that  man,  for  the  moment  at 
is  still  the  most  important  decision 
ebmcnt  in  our  complex  dynamic  control 
Sterns.  All  information  management 
Sterns  possess  the  same  basic  require- 
including  the  processing  of  mass- 
^  °f  in  formation  and  their  reduction  to 
*!jtinimum  number  of  easily  understand- 
ile  presentations  which  fend  themselves 
-rapid  interpretation.  With  man*  how- 
Veb  part  of  the  system,  the  maimer  of 
Pte*entationp  involves  as  many  physio- 
'fed  and  psychological  considerations 
““ethnical  ones. 

I  Certainly,  as  of  today,  the  vast  major- 
y  die  interface  with  man  is  in  the 
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visual  band.  The  visual  channels  possess, 
by  far,  the  greatest  accessibility  to  man’s 
data  processing  centers*  In  time,  how¬ 
ever,  this  medium  may  be  complemented 
by,  or  even  displaced  by  other  channels, 
for  instead  of  displacing  man,  greater 
attention  is  now  being  directed  to  the 
positive  introduction  of  man  to  our  more 
complex  systems.  Intensive  study  is  now 
being  directed  to  better  understand  this 
human  subsystem  and  explore  those  tech¬ 
niques  which  may  enhance  man’s  ability 
to  fulfill  even  more  complex  information 
management  assignments.  For  the  pres¬ 
ent,  however,  the  visual  presentation  for¬ 
mat  is  the  most  effective  when  large 
quantities  of  data  must  be  conveyed. 

The  data  handling  capacity  of  the  hu¬ 
man  visual  system  is  substantially  higher 
than  any  other  sensory  mode  andT  in  ad¬ 
dition,  provides  some  unusual  discrimi¬ 
nation  propei ties  not  present  or  yet 
detected  with  man’s  other  senses.  Com¬ 
munication  by  visual  display,  therefore, 
rates  well  when  measured  in  terms  of 
data  handling  capacity,  memory,  reso¬ 
lution,  accuracy,  longevity,  channel  band 
width,  and  other  unique  parameters  such 
as  color  differentiation,  and  moving  tar¬ 
get  perceptivity. 

Many  discussions  of  display  do,  how¬ 
ever,  place  disproportionate  emphasis  on 
that  transmitted  rather  than  the  receipt 
and  interpretation  of  that  provided.  Un¬ 
fortunately,  in  this  same  visual  area,  as 
a  result  of  mans  complexity,  “seeing”  is 
not  to  be  immediately  assumed  as  “be¬ 
lieving.”  While  the  ideal  technician  may 
generate  the  desired  navigation  informa¬ 
tion  with  appropriate  definition  and  pre¬ 
cision  and  conclude  that,  once  presented, 
there  could  be  no  question  of  judgment, 
such,  unfortunately,  may  not  be  the  case 
when  interfacing  with  man. 

In  the  organization  with  which  I  am 
affiliated,  while  we  are  engaged  in  many 
other  domains,  we  are  very  strongly 
identified  with  what  might  be  deemed 
a  simple  parameter  of  flight  altimetry. 
While  our  instruments  perform  the  many 
complex  sensing  and  computing  func¬ 
tions  which  are  part  of  altitude  measure¬ 
ment,  after  two  decades  of  intensive 
work,  tiic  most  difficult  problem  which 
confronts  us  is  still  presentation.  We  are 
called  upon  to  provide  a  simple  reading 
and,  in  spite  of  the  relative  simplicity  of 
this  display  task,  and  with  due  respect 
for  all  of  the  human  engineering  which 
has  been  performed,  we,  as  a  company, 
and  others  in  our  segment  of  the  in¬ 
dustry,  still  provide  a  vast  assortment 
of  individually  tailored  altitude  presenta¬ 
tions.  v 

Some  airlines  and  military  groups  pre¬ 
fer  three-pointer  presentations,  Others 
prefer  the  drum  and  pointer.  Some  air¬ 
craft  prefer  the  vertical  scale  approach. 
The  Navy  prefers  the  counterpointer  — 
and  now  we  are  seriously  considering 


the  drum-counter-pointer  configuration* 
Each  of  these  display  the  simple  indica¬ 
tion  of  altitude.  It  would  appear  that 
all  factors  influencing  the  type  of  display 
selected  would  be  comp  amble  —  pilot 
intelligence  —  pilot  physical  condition  — 
types  of  aircraft  —  operational  require¬ 
ments,  etc. 

The  resulting  assortment,  however,  is 
not  the  product  of  capricious  nor  arbi¬ 
trary  men,  but  rather  the  mature  con¬ 
scientious  and  deliberated  belief  and  con¬ 
viction  that  one  presentation  is,  indeed, 
better  than  another,  and  their  lives  could 
well  depend  on  their  decision.  It  is  evi¬ 
dent,  therefore,  that  even  with  a  relative- 
ly  simple  item  —  a  single  altitude  read¬ 
ing  —  the  subjectivity  of  the  operator  — 
the  influence  of  his  training  —  the  influ¬ 
ence  of  his  environment  —  can  and  do 
have  significant  bearing  on  how  and 
what  he  sees  and  what  he  believes  wor¬ 
thy  of  inclusion  in  his  unique  decision 
making  process.  He  may  not  believe 
that  which  he  sees  —  he  may  believe  that 
which  he  thought  he  saw. 

This  interface  between  man  and  his 
creations  requires  continuous  and  reiter¬ 
ative  interchange.  Neither  domain,  man 
nor  his  creation,  can  be  developed  sep¬ 
arately  and  simply  welded  together. 
Each  must  understand  and  work  with 
the  other.  We  might  quickly  conclude 
that  man  possesses  a  good  appreciation 
of  that  which  he  has  created.  Surprising¬ 
ly,  however,  he,  at  times,  is  embar¬ 
rassed  to  learn  that  there  is  more  to 
learn  about  hi*s  own  developments.  His 
creations  take  on  characteristics  and  per¬ 
sonalities  of  their  own.  At  times,  they 
logically  do  things  which  they  are  not 
supposed  to  do*  things  which  circum¬ 
vent  all  of  the  protective  planning  in¬ 
cluded  in  their  evolution.  In  addition, 
much  must  be  learned  of  man's  response 
and  acceptance  of  that  being  communi¬ 
cated. 

Perhaps,  in  working  with  other  senses, 
more  straightforward  exchange  will  be 
possible.  In  the  visual  area,  however, 
we  take  too  much  for  granted  and  our 
conclusions  are  much  too  subjective. 
Much  has  to  be  learned  about  this  com¬ 
munication  medium,  for  we  know  so 
little, 

As  I  speak,  I  have  noticed  that  one 
member  of  the  audience  has  beautifully 
articulated  one  of  my  comments  much 
more  effectively  than  ail  my  words.  I 
noticed  that  on  several  occasions  he 
looked  at  his  watch.  He  looked  again 
and  again.  The  last  time  he  also  put  his 
watch  to  his  ear  to  see  if  it  was  still  run¬ 
ning.  It  spite  of  what  he  repeatedly  saw. 
he  did  not  believe  time  was  passing  so 
slowly.  In  this  case,  however,  I  too  am 
using  my  visual  communication  and  data 
processing  and  I  believe  what  I  see.  I 
get  the  message. 

Thank  you  —  1  have  truly  enjoyed 
being  with  you! 
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STANDARD  DEFLECTION  YOKES 

AND  CRT  COMPONENTS 


Law  cast  stator  type  yoke 
far  high  grade 
commercial  applications 


TYPE  KY 


low  Lt3,  high  sensitivity 
for  42°,  52°,  70°  and  BO' 
V/,t"  CRT  neck 


TYPE  FY 


moderate  resolution 
low  residual, 
for  52%  70'  and  90» 
IK."  CRT  nock 

TYPE  AY 


Fast  core  general  purpose, 
moderate  resolution, 
for  52°,  70°  and  90° 
lyi6"  CRT  neck 

TYPE  HY 


Deflectron®, 

general  purpose 
far  42a 
V/i6rf  CRT  neck 

TYPE  HD 


fast  core,  hw  ua( 

jfc  iow  distributed  capacity 
for  52° 
l  7w"  CRT  neck 

TYPE  GD 


Deflectreu®  for  high  resolution 
recording  storage  tubes 
Scan  converter 
applications 

TYPE  QD 


V 


$ 


Recording  storage  tube  yoke 
Scan  converter 
applications 


TYPE  QY 


Writing  yoke  for  high  frequency 
beam  modulation 
Celcaloy,  ferrite 
and  air  core 
for  1 V  CRT  neck 

TYPE  AW 


General  purpose  yokes 
for  %"  CRT  neck  BY 
1"  storage  tube  CY 
for  1  */*"  storage  tube  C YT 


f/ji 

w 


Miniature  yoke 
for  W'  CRT  neck 
and  special  unit 
construction 


TYPE  MY 


Rotating  yoke  for  52"  and  70 g, 
V'  and  1  ft*"  CRT  necks 
Includes  bearings,  gear 
and  sliprings 


TYPE  RY 


Low  resistance  version  of  type  BY 

Available  for  types 
CY  and  CYT 


6 


TYPE  YY 


¥, 


Character  and  storage  tube  yoke 
for  2"  CRT  neck  TypeOT 
2%*  CRT  neck  TypeOJ 


TYPE  DY 


$ 


Coiis  for  centering  and  beam 
alignment,  aiming,  flooding 
for  Vm"  CRT  neck 


TYPE  KC 


1 

O 


Pincushion  corrector, 
electromagnetic, 
low  cost, 
general  purpose 

TYPE  l 


Pincushion  corrector, 
permanent  magnet 
Specials  available 


TYPE  M 


Focus  coil,  dynamic 
for  high  resolution 
Many  other  standard 
types  available 


TYPE  HLF 


Vidicon  yoke,  focus 
and  alignment  coils  1" 
For  slow  scan, 
high  resolution 


TYPE  WV 


Hybrid  vidicon  yoke,  Vf 
Magnetic  deflection  coil 
with  shielding 


TYPE  HV 


Vidicon  yoke,  focus 
and  alignment  coil  Vf 
For  standard  TV 
applications 


TYPE  TV  129 


Image  Orthicon  yoke,  focus 
and  alignment  coils  3J 
For  high  resolution, 
slow  scans 


TYPE  AV  172 


Image  Orthlcon  yoke,  focus 
and  alignment  coils  3" 
For  standard  TV 
applications 


TYPE  TV  172 


Static  astigmatic  corrector  and 
dynamic  focus  coil 
For  high  resolution 
42G  CRT 


TYPE  NC 


(Constantine  dr\ 


n<ftneertn 
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Cefcc 


Linearity  Correction  for  FJat-Faced  CRT 
Use  with  CELCO  Field  Corrector 
for  absolute  linearity 


Constant  Current  Sources 
0.1%  of  Range 


CR-104 

4.0  amp  10.0V 
{Shown) 


CR-51 0 

10.0  amp  5.0V 


Sawtooth  Signal  Generator  SGI 
Ramps  from  20  to  100  ms 


*  * 


\ 

Triggers  in  and  out 


X-Y  Deflection  Amplifier 
.25%  Linearity 


DA-PP2B 
±  1.5  amp 
{shown) 


DA-PP3B 
±  3,0  amp 


OA-PP6B 
±  6.0  amp 


For  Yokes  over  100  ^h 


R0A-PP3B  RDA-PP6B 

±:3.0  amp  ±6.0  amp 

(Shown) 


X-Y  Deflection  Amplifier 
,25%  Linearity 


DA-PP2C 
±  1,5  amp 


DA-PP3C 
±  3,0  amp 


Aft  Silicon  NPN  Deflection  Driver 


0APP3N 
±  3.0  amp 
(Shown) 


DA-PP8N 
=  6.0  amp 


For  Highest  Precision  Displays 


All  Silicon  Deflection  Amplifier 
Regulated  Power  Supply 


RDA-PP3N  R0A-PP6N 

±  3.0  amp  ~  6.0  amp 

(Shown} 


Vldicon  Driver  and  Sweep  Generator 
for  Hybrid  Tube  Type  6134 


DA  VT 

Use  with  Celco  Vidicon  Yoke  Type  HV 


For  High  Precision  Displays 


Rack  Mounted  X-Y  Deflection  Amplifier 
Unregulated  Power  Supply 


PDA-PP2BR  POA-PP3BR 

±1,5  amp  ±  3.0  amp 

{Shown) 


X-Y  DEFLECTION  AMPLIFIERS 

AND  SOLID  STATE  DEFLECTION  CIRCUITRY 


C^oni  tan  tine  £n 


9tn 


eertn 


9 
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MAHWAH,  N.  J. 
201  -327-1 1 23 
TWX  201-327-1435 


UPLAND,  CAL. 
714*982  0215 
TWX  714-556-9550 


Rack  Mounted  X-Y  Deflection  Amplifier 
Regulated  Power  Supply 
Isolated  X-Y  Channels 


For  Yokes  under  100  ^ h 


DA-PP6B 
±  6.0  amp 
(Shown) 


Ultra  Linear  X-Y  Deflection  Driver 
.05%  Linearity 


DA-PP3D 


High  Speed  Deflection  Driver 
Single  Axis  Push-Pull 
With  Power  Supply 


1-PDA  PP  18H 

IB  KV 

Accelerating  Potential  70°  Deflection 
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— Sixth  National  Symposium 
Society  for  Information  Display 

New  York  City 
29-30  September  1965 


This  important  event  will  be  held  at  the  Commodore  Hotel  in  New 
York  City  and  will  have  a  number  of  features  that  promise  to  make 
the  forthcoming  SID  National  Symposium  more  rewarding  than  ever, 

Fordyce  Brown,  President  of  Photomechanisms,  Inc.,  is  the  overall 
Convention  Chairman.  He  has  chosen  a  well  qualified,  hard  workini 
group  of  chairmen  responsible  for  specific  activities.  Solomon  Sherr 
of  Sperry  Gyroscope  is  Vice  Chairman. 

Edmund  Kennedy  of  Rome  Air  Development  Center,  Papers  Chair¬ 
man,  is  presently  reviewing  papers  to  choose  those  that  should  be  ex¬ 
citing,  challenging,  speculative,  provocative  or  even  controversial. 

For  Program  Co-Chairmen,  William  Bethke  of  RADC  and  Carl 
Machover  of  Information  Displays,  Inc.,  will  arrange  for  the  various 
speakers  and  other  activities. 

The  Exhibits  and  Equipment  Show  is  being  coordinated  by  Sher¬ 
man  Blumenfhal  of  Touche,  Ross,  Bailey  and  Smart.  Frank  Masters  of 
Trade  Associates,  Inc.,  is  the  Exposition  Manager. 

The  Facilities  Chairman  is  Charles  Emmert  of  CBS  Laboratories. 
Burton  Price  of  Philco  Corporation  is  Chairman  of  Registration,  and 
Henry  Oppenheimer  of  CBS  Laboratories  is  the  Financial  Chairman. 

Publicity  Chairman  is  Gordon  Burroughs,  Burroughs  Engineering. 

Technical  Sessions 

On  Wednesday,  technical  sessions  will  begin  with  the  keynote 
address  by  Brig.  Gen,  A,  T.  Culbertson,  Commander,  Rome  Air  Devel¬ 
opment  Center.  The  technical  sessions  will  all  be  related  to  displays 
but  will  cover  broad  areas,  including  Systems,  Science  and  Art,  Dis¬ 
play/Computer/User  Interface,  as  well  as  Physics,  Electronics,  Optics, 
Photochemistry,  Physiology  and  Psychology  as  they  are  applied  to  In* 
formation  Display. 

At  lunch,  Fordyce  Brown  will  be  the  Master  of  Ceremonies;  he 
will  present  Dean  John  Sullivan,  Florida  Atlantic  University,  who  will 
speak  on  Information  Display  in  Education.  Following  this  will  be  more 
technical  sessions  and  then  a  banquet  address  by  E,  J.  Stockwell 
NASA's  Office  of  Tracking  and  Data  Acquisition.  Robert  Klein,  Kolls* 
man  Instrument  Carp.,  will  be  the  Master  of  Ceremonies. 

On  Thursday,  there  will  be  more  technical  sessions  morning  end 
afternoon  with  Harold  G.  Davis  from  North  American  Aviation  Spat®  y 
and  Information  Systems  Division  as  the  luncheon  speaker  and  Cad 
Machover  as  Master  of  Ceremonies. 
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Five  Minute  Papers 

Included  In  the  technical  sessions  will  be  a  series  of  five  minute 
3pers,  an  innovation  at  technical  symposia  that  promises  to  provide 
j^ore  information  in  less  time. 

Ladies  Program 

For  the  first  time,  a  special  Ladies  Program  has  been  arranged. 
Each  morning,  a  continental  breakfast  will  be  served  in  our  Ladies 
Hospitality  Suite.  Hostesses  will  be  available  with  authoritative  infor¬ 
mation  on  where  to  go  and  what  to  do  in  New  York  City.  Tours  of 
fhe  United  Nations  and  a  "Dutch  Treat"'  lunch  in  the  Delegates  Dining 
Room,  as  well  as  the  SID  Banquet  in  the  evening,  are  arranged  for 
Wednesday.  On  Thursday,  brunch  at  La  Fonda  del  Sol,  a  tour  of 
Rockefeller  Center,  and  a  show  at  the  Radio  City  Music  Hall  are  sched¬ 
uled. 

Registration 

Advance  registration  forms  and  a  preliminary  program  have  been 
mailed  out,  but  additional  advance  registration  f6rms  can  be  obtained 
from  Burton  Price,  Philco  Corporation,  390  Welsh  Road,  Willow  Grove, 
Pennsylvania  19090  (Telephone  215,  OL  9-7700). 

Any  other  Symposium  information  can  be  obtained  from  Fordyce 
Brown,  Photomechanisms,  Inc.,  15  Stepar  Place,  Huntington  Station, 
LI.,  N.Y.  (Telephone  516,  HA  3-4411). 


Preliminary  List  of  Exhibitors 


Burroughs  Corp. 

Electronic  Components  Division 
p,  O,  Box  1226 
Plainfield.  New  Jersey 
Mr,  John  L.  Turnbull 
Manager,  Advertising 
Booths  35  end  36 

CBS  Laboratories 

A  Division  of  Columbia  Broadcasting 
System,  Inc. 

227  High  Ridge  Road 
Stamford,  Connecticut 
Mr,  Alexander  J.  Autote 
Manager,  Marketing  Services 
Booth  42 

CELCO  (Constantine  Engineering 
Laboratories  Co.) 

70  Constantine  Drive 
Mahwah,  New  Jersey  07430 
Mr.  Robert  O,  Meres 
Purchasing  Agent 
Booth  22 

General  Precision,  Inc. 

50  Prospect  Avenue 
Tarrytown,  New  York 
Mr,  Arthur  Brundage 
Booth  46 


Kolfsmar  Instrument  Corp. 

30' OB  '  45th  Avenue 
Elmhurst,  New  York  11373 
Mr.  Jack  G,  Anderson 
Vice  President 
Booths  13  and  14 


LTV  Military  Electronics 

Post  Office  Box  6118 
Dallas  22.  Texas 
Mr.  F,  H,  Frantz 
Booths  53  and  54 


Mosler  Safe  Co, 

Grand  Boulevard 
Hamilton,  Ohio  45012 
Mr.  Atari  C  Root 
Manager,  Business  Planning 
Booth  49 

Radiation  Melbourne 
Division  of  Radiation,  Inc. 

Melbourne,  Florida 
M r.  Bob  Haddock 
Booth  12 

Raytheon  Co. 

141  Spring  Street 
Lexington,  Massachusetts  02 173 
Mr.  Robert  R.  Andrews 
Manager  Shows  and  Exhibits 
Booth  2i 

Spindter  &  Sauppe,  Inc. 

7700  MaryknoN  Avenue 
Bethesda,  Maryland  20034 
Mr.  Carroll  B.  Sager 
Eastern  Representative 
Booth  50 

Stromberg  Carlson  Corp, 

Data  Products — San  Diego 

P.  0  Box  2449 
San  Diego,  California  92112 
Miss  Helen  J.  Wood 
Adv.  &  Public  Relations 
Booth  37 

Sylvania  Electric  Products,  Inc- 
730  Third  Avenue 
New  York,  New  York  10017 
Mr.  Robert  E.  Bilby,  Supervisor 
Advertising  &  Sales  Promotion 
Booth  16 

Thomas  Electronics,  Inc. 

122  Eighth  Street 
Passaic,  New  Jersey  07056 
Mr.  Eugene  V,  DiSdullo,  Sales  Mgr 
Booth  6 


Granger 

Associates 


I D  Papers 

Ail  manuscript*  submitted  for  publication] 
in  Information  Display  should  be  addressed 
tor  R,  L  Kuehn,  Publications  Chairman 
1831  Se  adrift  Drive,  Corona  Del  ^$(r 
California.  Authors  are  requested  to  ®ir 
dose  a  recent  photograph  and  up-to'dat® 
biography,  ff  illustrative  material  accort1' 
panies  text,  suitable  stiffening  should  b° 
used  to  protect  artwork  and  photograph^ 
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How  can  you  get  the  most 
squint-proof  detail 
on  closed-circuit  TV? 


Granger  Associates 
has  the  answer 


now 


G /  Ars  new  high-resolution  TV  system  lets  you  read  a  letter  or  digit 
occupying  only  1/ 15,000  of  the  picture  area.  You  can  view  broad 
scenes  — like  a  situation  display,  an  airport  runway,  or  a  bank  of 
panel  meters  — and  see  all  the  critical  details.  Or  you  can  put  an  entire  fetter- 
size  document  on  the  screen  and  read  any  part.  Series  VI 000  TV  systems  use 
as  many  as  1225  scanning  lines  and  a  ™p_30  Me  video  bandwidth 

to  produce  pictures  with  four  times  the  •  clarity  of  conventional 

525-line,  8  Me  systems.  Get  in  touch  with  T  TTc/Aforthe  most  advanced 
closed-circuit  TV  systems  available  any-  \  where  today. 


mvun 


ID  Duthors 

Dr.  H.  R.  Luxenberg 

Dr.  Luxenberg's  biography 
in  the  last  issue  of  Information 
with  another  related  article* 

Glenn  L  Whltham 

Glenn  E.  U;l 

•>  «  ojjj 

Control  Sygl 
nept.,  Surfn^^i 
and  NaviE:H 

Operation,  Ravi!.  '' 
Co.  He  holtU  St* 
EE  from  M  IT  11 
has  engaged  in  graduate  studies  at 
eastern  University.  He  has  been  n  °fW 
member  of  MIT  Radiation  Lab  and*!  11 
Alamos  Scientific  Lab.  At  Raytheon  k  * 
has  been  associated  with  display  or*3 
formation  systems  In  Tartar,  nj*!' 
Mauler,  on-board  logistic  spacecraft  dtol 
plays,  FA  A  bright  displays,  and  nmS 
ous  control  center  display  systems. 
Quentin  L.  Bonness 

Mr .  Bonnes  jabd 
The  RunkerdlaiRn 
Corp.,  where  he  a 
Senior  Staff  Erigj. 
neer,  via  the  orlgF 
nal  Ramo-Wob® 
ridge  Corpt  in  195ft 
and  has  been  pitn. 
cipally  engaged  in  systems  analysis  for 
applications  of  data  processing  and  dis¬ 
play  systems.  He  received  his  BS/EE 
from  the  University  of  Nebraska,  and  hk 
MS/ EE  from  the  University  of  Hlinoit 
Frior  to  his  current  affiliation,  he  \m 
employed  at  GE  and  Gilfillan,  and  tuugfct  { 
EE  at  Nebraska,  His  professional  mem¬ 
berships  include  IEEE,  ACM  and  SID, 
Dr,  Edmund  J.  Kennedy 

Dr,  Kennedy  setv* 
ed  in  the  Infantiy  I 
during  World  War 
II,  then  obtained  fij 
BSy  MA,  and  PhD 
degrees  from  Coluflfr 
hi  a  University*  US 
entered  government 
service  in  1954  as  project  engineer  ft 
what  later  became  the  Human  FaetiH 
Laboratory.  Until  1963,  he  served  P 
Chief,  Controls  Guidance  Branch,  wherf 
major  responsibilities  were  displays  as¬ 
pects  of  large  "L”  systems.  He  has  served 
on  several  national  committees,  and 
now  Chief,  Advanced  Analysis  Section 
Display  Techniques,  RADC. 
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Cambridge  University  Display  System 
'plie  Mathematical  Laboratory  of  Cam  bridge  University  is 
a  Display  Control  System,  supplied  by  Digital  Equip* 
jflenfr  Corp.  (UK)  Ltd.,  for  research  into  man-machine  com* 
judications  and  computer-aided  design,  The  system,  ordered 
■n  January^  went  on-line  less  than  three  days  after  delivery. 

^insists  of  a  PDP-7  computer  with  8192-word  core  memory 
,uKj  aji  incremental  CRT  display  and  light  pen.  The  display 
[unctions  ns  a  sub-computer,  obtaining  data  and  instructions 
directly  from  the  PDF-7  core  memory.  It  lias  random  point, 
vector,  increment*  and  other  plotting  modes.  Use  of  the  light 
pgfl  allows  the  operator  to  “draw'*  symbols  and  shapes  direct¬ 
ly  on  the  face  of  the  display,  as  in  Digital's  experimental 
CRAPHpad  program.  CRAPHpad  simplifies  and  speeds  tip 
the  drafting  steps  normally  required  in  designing  electronic 
logic  circuits. 


Integrated  Manned  Space  Systems  Simulator 

Mann&d  Orbital  laboratory  Simulator  shown  above  is  pari  of  on 
Qdvancfid  system,  called  an  Integrated  Manned  Spate  Systems  Simulator, 
recently  completed  at  the  General  Dynamics  Carp.  Astronautics  OEv.,  San 
^90,  The  entire  system  will  be  capable  of  simulating  in  detail  every 
tejiteivcible  manned  mission  in  Earth  orbit,  to  the  moorr,  or  to  any  planet 
th  the  Sofor  System.  Ms  purpose  is  lo  study  man's  rote  in  space  to  gain 
a  bulls*  understanding  at  the  requirements  far  crew  systems  and  space* 
design.  The  photograph  above  shows  TV  screen  on  which  computer* 
jwon  views  are  presented  exactly  os  they  would  be  seen  through  win- 
<*Wj  of  a  spacecroM  by  On  astronaut. 

Nonconf using  Control  Panels 

^he  high  degree  of  efficiency  required  of  the  operator  of 
j^odeni  electronic  and  mechanical  equipment  necessitates  con- 
r°l  panel  design  that  is  conducive  to  fast  and  accurate  con- 
Jol  responses.  Unfortunately,  spatial  constraints  sometimes 
n^kn  the  ideal  functional  grouping  impracticable.  As  a  con- 
^uence.  Certain  compromises  must  be  made  in  the  design 
fche  panel,  according  U)  Michael  V,  Fiore,  Systems  Div,, 
■cncml  Precision  Inc.,  who  presented  a  paper  entitled  ‘'Con* 
Display  Association  Stereotypes  in  Grouped  Panel  Ar- 
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rangements  ’  at  the  recent  Aero  Space  Technical  Conference 
in  Houston,  Tex.  Jn  the  paper*  he  disclosed  some  results  of 
a  research  program  he  has  carried  out  on  this  problem.  He 
noted  that  regardless  of  labeling,  color  coding,  shape  coding 
and  other  cues  to  correct  association,  if  the  operator  has  hab¬ 
its  of  association  contrary  to  those  which  the  panel  arrange¬ 
ment  calls  for,  the  probability  of  error  increases  greatly.  The 
average  person  has  what  he  calls  association  preferences 
when  switches  and  associated  lights  are  involved,  according 
to  the  author.  It  was  found  that  when  groups  of  controls  and 
displays  are  arranged  in  a  rectangular  configuration  so  that 
the  controls  are  on  two  adjacent  sides  and  their  correspond¬ 
ing  displays  are  on  the  remaining  adjacent  sides,  a  tendency 
exists  to  associate  displays  with  controls  directly  opposite 
rather  than  adjacent  to  them. 

Air  Surveillance  from  the  Ground 

Aerospace  Group,  General  Precision  Inc.,  has  produced 
equipment  whereby  aerial  surveillance  can  be  relayed  to 
and  displayed  for  ground  commanders  in  real  time.  Radar 
and  infrared  sensors  on  reconnaissance  aircraft  can  sec  what 
no  visual  observer  can  see.  By  adapting  a  unique  digital  data 
transmission  system  to  an  existing  video  data  link,  pictures 
of  the  infrared  and  radar  readouts  are  transmitted  to  and 
displayed  by  a  ground  console.  At  the  same  time,  precise 
aircraft  position  and  flight  condition  information  is  trans¬ 
mitted  and  displayed  on  the  same  console.  A  digital  clock 
is  included  in  the  system  to  provide  the  necessary  timing 
signals  and,  sequentially,  control  and  scanning  of  the  three 
information  channels.  Total  synchronism  of  pictorial  observa¬ 
tion  data  and  flight  condition  data  is  the  systems  prime 
feature. 

Advanced  Navigation  Systems 

The  U.S.  Air  Force  has  officially  accepted  an  advanced 
navigation  system  incorporating  the  best  features  of  three 
types  of  navigation  systems  in  use  in  aircraft.  Designated  the 
AN/ASN-59b  the  Stellar-Inertial-Doppler  (SIDS)  navigation 
system  produced  by  Litton's  Guidance  and  Control  Systems 
division  will  provide  the  Air  Force  with  continuous,  auto¬ 
matic  24- hour,  all-weather  navigation  to  an  accuracy  much 
greater  than  previously  obtainable  in  a  lightweight  system. 
The  basic  method  of  navigation  is  inertial,  the  same  tech¬ 
nique  employed  in  newest  Air  Force  and  NATO  jet  lighters 
and  Navy  patrol  and  attack  aircraft.  The  inertial  subsystem 
automatically  tells  the  pilot  his  position  and  the  heading  and 
distance  to  any  of  90  destinations,  and  operates  continuously 
without  reference  to  the  ground,  sky  or  radio  or  radar  beams. 
Velocity  information  from  a  Doppler  navigation  system  in¬ 
creases  the  long-range  accuracy  of  the  gyro-stabilized  inertial 
system,  which  measures  aircraft  acceleration,  heading,  alti¬ 
tude,  ground  speed  and  track  angle.  The  astro-tracker  sub¬ 
system  obtains  star  fixes  to  check  the  latitude  and  longitude 
position  data  indicated  by  the  inertial  subsystem.  A  computer 
processes  the  information  from  these  three  navigation  sub¬ 
systems,  provides  output  signals  for  displaying  navigation 
data  on  the  pilot  s  or  navigator  s  control  panels,  and  performs 
computations  necessary  to  control  the  SIDS  system.  Most  ad¬ 
vanced  feature  of  Litton’s  SIDS  system  is  the  astro-tracker 
subsystem,  which  automatically  tracks  two  or  more  stars  in 
daylight,  as  well  as  at  night,  to  determine  the  precise  posi¬ 
tion  of  the  aircraft,  corrects  the  position  indicated  an  the 
control  panel,  and  sends  appropriate  corrective  gyro  bias 
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signals  to  eliminate  the  cause  of  tlie  error.  Using  position  and 
bending  information  derived  by  the  merfciul  subsystem,  the 
computer  determines  the  elevation  and  bearing  of  predeter¬ 
mined  stars  within  the  field  of  view  of  the  astro-tracker  sub¬ 
system  at  that  time  and  position,  and  sends  pointing  angle 
commands  to  the  tracker  telescope.  The  computer  stores  ele¬ 
vation,  beaiing  and  other  information  on  at  least  four  pre¬ 
selected  stars  in  view  at  any  time  and  point  on  Ear  tin  The 
telescope  slews  to  the  commanded  pointing  angles  and,  if 
a  star  is  within  the  field  ol  view,  a  star  presence  signal  is 
generated.  Also  generated  are  star  position  signals  indicating 
whether  the  star  is  left,  right,  above  or  below  the  center 
axis  of  the  telescope.  The  digital  computer,  upon  receipt  of 
these  indications,  generates  control  signals  to  center  the  star 
in  the  telescope  field.  If,  within  15  seconds  after  slewing  to 
the  commanded  elevation  and  hearing,  there  is  no  star  pres¬ 
ence  signal,  the  computer  will  generate  signals  for  a  search, 
which  con  Himes  until  a  star  presence  signal  is  generated  or 
the  search  time  runs  out,  Then  the  telescope  slews  to  another 
star. 

Polaris  Submarine  Navigation  Simulator 

A  new  $500,000  training  simulator  will  be  added  to  the 
New  London  submarine  bases  ‘’high  and  dry  fleet”  which 
lets  Polaris  submarine  navigators  steer  through  every  naviga¬ 
tional  situation  submarines  meet  at  sea.  Built  by  Sperry 
Rand's  Sperry  Gyroscope  Co,  Diw,  the  trainer  can  simulate 
any  undersea  position  in  the  world,  at  any  operating  depth, 
in  any  weather,  at  any  time  of  the  day  or  night  —  and  with 
the  navigation  system  working  normally  or  with  simulated 
problems*  Most  of  the  navigation  equipment  aboard  the  train¬ 
er  is  a  full-scale  operating  copy  of  the  units  aboard  every 
Polaris  submarine  afloat.  It  is  arranged  physically  to  repro¬ 
duce  the  layout  of  the  subs1  actual  navigation  centers.  In 
the  trainer,  a  voyage  can  be  stopped,  repeated,  or  sped  along 


faster  than  real  time*  An  instructor  at  the  compiler  < 
watches  displays  which  tell  him  the  “actual**  position 
make -belle  vc  boat,  while  a  printer  types  out  a  nirinio^L 
showing  where  the  student  navigators  think  they  ^  ^  M 
after-class  evaluations,  *  A 

Document  Retrieval  Seminar 

A  four-day  seminar  on  evaluating  document  retrieval  J 
terns  will  be  given  in  the  nations  capital  beginning 
7,  and  will  be  repented  in  Philadelphia,  Boston,  ainl 
York  during  the  balance  of  the  month.  It  will  be  sponJfl 
by  the  Center  for  Information  Resources,  Inc*  (ClH)  \y  r^ 
ington,  D*C.,  a  subsidiary  of  Hemer  and  Co.  The  follqlSJ 
subjects  will  be  included  among  those  covered  by  ihe  tun, 
Measuring  the  operating  efficiency  of  document  retrieval  gua 
terns;  factors  affecting  operating  efficiency;  test  design  alS 
methodology  for  the  evaluation  of  operating  efficiency;  UI!r 
t ys is  of  tes t  sc ar el i  results  wit h  e m ph axis  on  d c ten n i uing  9 
reasons  for  recalling  unwanted  documents  and  for  nonn»J3 
of  wanted  documents;  interpretation  of  analysis  Irorn  ft? 
points  of  view  of  indexing  policy,  search  strategy,  system  ^ 
sign,  and  other  effective  variables;  relationship  between  np^ 
at  tug  efficiency  and  economic  efficiency;  and  test  design  m»4 
analysis  of  search  results*  Lecturers  for  Hie  course  will 
elude  Cyril  \V*  Clever  don,  F.  Wilfrid  Lancaster*  and 
Hemer, 

Chapter  News 

The  Mid  Atlantic  Chapters  May  meeting  was  held  at  the 
Naval  Training  Device  Center,  Sands  Point,  L*h,  NX  NTIX: 
is  located  on  the  site  of  the  former  Guggenheim  estate  av 
looking  Long  Island  Sound.  The  administration  and  eonln 
departments  are  located  In  the  main  house,  while  the  rav 
gineers  are  in  what  used  to  be  the  stables,  n  beautiful  bufld-b 
iug  about  50  feel  high  and  200  feet  in  length,  entirely  built 


AN  IMPORTANT  ANNOUNCEMENT  ABOUT  DISPLAYS  FOR  IBM  7094  USERS 


Economical  CRT  Computer  Controlled  Displays,  compatible  with  the  IBM  7094,  are  now 
available  from  INFORMATION  DISPLAYS,  INC.  (formerly  RMS  Associates,  Inc.). 

All  solid-state  (except  for  21  *  rectangular  CRT),  these  displays  write  up  to  67,000 
points  or  characters  per  second.  Light  pens,  vector  generators,  size  and  intensity  con¬ 
trols,  buffer  memories,  and  other  equally  useful  options  can  be  included. 

One  typical  IBM  7094  compatible  display  is  the  IDT  Type  CMI0005A*  This  unit  is 
directly  interchangeable  with  a  729  VI  tape  deck  and  includes  the  CURVILINE® 
Character  Generator,  vector  generator,  inode  control  and  auxiliary  line  drivers.  The 
price  of  the  CM10005A  Computer  Controlled  Display  is  $34,710. 

Other  combinations  to  meet  each  user's  requirements  can  be  assembled  from  the 
assortment  of  standard  options. 

Please  write  or  call  for  complete  information, 

NOTE  TO  USERS  OF  OTHER  COMPUTERS  -  IDI  probably  has  delivered  dis¬ 
plays  compatible  with  your  computer  .  .  .  too! 


INFORMATION  DISPLAYS,  INC, 

1 02  t  SANDFORDBLVD  *  MOUNT  VtHNON,  N  V  1QS50*  914  OWens  9  551  5 
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f  band  cut  stone  blocks  about  four  feet  thick.  The  work 
0  lS  done  by  Italian  craftsmen  brought  to  this  country  for 
\  js  specific  purpose.  Commander  E*  C*  Moss,  the  Assistant 
pfrector  of  Research,  described  the  Centers  function  of  de- 
vgjuping  training  devices  for  al!  of  our  armed  services.  The 
Renter  is  divided  into  the  Physical  Sciences  Laboratory,  the 
gj^trooics  Laboratory,  the  Visual  Simulation  Laboratory, 
t|ie  Computer  Laboratory,  and  the  Human  Factors  Labora¬ 
tory,  hi  addition  to  the  various  laboratory  service  depart¬ 
ments,  Mr*  Sol  Domeshek,  Head  of  the  Physical  Sciences 
laboratory,  and  Mr.  H.  Voss,  the  Assistant  Head  of  the 
Ruinan  Factors  Laboratory,  described  a  number  of  their 
projects.  We  were  then  taken  outside  where  Major  Cunning- 
],aTn  demonstrated  some  of  their  equipment  for  simulating 
sound  and  blast  effects  oi  various  guns  and  cannon, 

fall  Joint  Computer  Conference 

Approximately  20  technical  papers  are  being  selcted  from 
an  unprecedented  300  drafts  submitted  for  review,  to  be 
considered  fur  the  Fall  Joint  Computer  Conference,  Nov, 
30-Dec,  2  at  the  Convention  Center,  Las  Vegas,  Coehairmen 
pf  the  technical  program  committee  are  S*  Nissjm  and  T,  B. 
Steel  Jr.  Drafts  wore  submitted  from  every  section  of  the 
United  States,  and  from  several  foreign  countries.  Topics  in¬ 
clude  aspects  of  information  sciences,  ranging  from  exotic 
programming  theory  to  data  system  management  and  prac¬ 
tical  applications.  Each  paper  is  being  refereed  by  if  nee  or 
more  qualified  subject  matter  specialists  not  associated  with 
the  FJCC  technical  program. 

Information  International  Inc, 

Information  International  Inc,  has  announced  a  new  policy 
with  regard  to  educational  use  of  its  automatic  programmable 
film  reader,  installed  at  Ill's  Cambridge,  Mass.,  office.  It 
will  make  available  its  FFR-I  system,  which  has  the  capabil¬ 
ity  of  reading,  digitizing  and  analyzing  pictorial  or  graphic 
data  under  program  control,  to  any  educational  organization 
whose  efforts  in  research  could  benefit  from  its  use.  It  is 
offering  the  use  of  the  complete  system,  generally  during  sec¬ 
ond  or  third  shift  hours,  at  the  reduced  rate  of  $50/hr.;  in 
one  hour,  a  researcher  could  read,  digitize  and  record  on 
magnetic  tape  over  5000  oscilloscope  traces,  at  a  cost  of 
if /trace.  III  has  inaugurated  the  program  because  of  the 
large  number  of  in qu hies  from  universities,  both  in  the 
United  States  and  abroad,  and  because  they  operate  on  lim¬ 
ited  budgets  and  grants.  Users  have  the  advantage  of  utiliz¬ 
ing  programs  the  film  has  already  developed.  Any  programs 
required  which  may  not  yet  be  available,  must  be  pro¬ 
grammed  by  the  individual.  Highly  sophisticated  programs 
may  be  developed  using  techniques  originated  at  III,  to  im¬ 
plement  judgments  approaching  those  of  the  human  in  ana¬ 
lysing  filmed  data.  The  firm  will  provide  documentation  of 
the  system  and  existing  programs.  Colleges  and  universities 
developing  programs  for  the  PFR-1  are  expected  to  fully 
document  such  programs  and  submit  them  to  III,  who  will 
aiake  them  available  to  other  users.  Inquiries  should  be  dir- 
ficted  to;  Educational  Flan,  Information  International  Inc., 
20 0  Sixth  Sh,  Cambridge*  Mass.  02142. 

Automatic  Coding  Document  Recorder 

File  coding  step  in  microfilm  storage  mid  retrieval  of  docu¬ 
ments  has  now  been  made  fully  automatic  by  the  S-C  4400 
Document  Recorder,  according  to  an  announcement  made 
today  hy  Strom berg-Cai'lson  Corp*  The  S-C  4400,  developed 
bV  the  firms  S-C  Data  Products  Div*,  translates  computer 
kuiguuge  into  ordinary  words  and  symbols  and  records  l lie 
^formation  directly  oil  16mm  or  35inm  microfilm*  The  sys- 
for*  automatically  printing  the  Record  a  k  Corporation's 
MIRAGODB  system  index  coding  on  lilm  records,  can  also 
^utoinatieully  print  other  retrieval  codes.  Tile  S-C  4400  re- 
^ivus  data  from  a  computer  or  computer-generated  magnetic 
topes  and  records  it  directly  on  film.  At  the  same  lime,  the 
toHnmient  recorder  codes  the  film  for  automatic  and  seuni- 
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automatic  storage  and  retrieval  systems*  The  MIR  AGO  DE 
concept  uses  a  photo-optical  code  consisting  of  squares  and 
rectangles  to  identify  each  frame  of  film.  Once  the  film  is 
processed,  it  is  stored  in  magazines.  An  operator  seated  at 
a  retrieval  station  can  command  a  central  file  of  magazines, 
containing  a  million  or  more  records,  within  arm's  reach. 

Institute  of  Navigation  Awards 

Coi  Robert  A.  Duffy,  USAF,  was 
presented  the  1964  Thu r low  Award  and 
bronze  plaque  for  outstanding  contribu¬ 
tions  to  the  science  of  navigation,  at  the 
recent  Long  Reach,  Calif*,  21st  meeting 
of  The  Institute  of  Navigation,  The  Thur- 
low  Award  regarded  as  the  highest  hon¬ 
or  in  the  field  of  navigation,  was  founded 
by  Sherman  Mills  Fairchild  in  1945,  in 
memory  of  Coi  Thomas  L.  Thurlow, 
navigation  pioneer  and  engineer- pilot- 
officer  in  the  U,S.  Army  during  the 
1920s.  Other  awards  presented  at  the 
national  meeting  were  the  1964  Burka 
Award  for  the  best  paper  in  the  Institutes  Journal  during  the 
year,  to  Maj,  William  L,  Polhernus  USAF  (Ret);  and  a 
special  Citation  for  Superior  Achievement  to  Wladimir  A. 
Reichel  for  invention  of  the  fluxgate  compass,  and  other  con¬ 
tributions  to  aircraft  instrumentation  and  navigation,  pre¬ 
sented  posthumously  and  accepted  by  Andre  Reichel,  the 
recipient's  son. 

Business  Notes  and  News 

Burroughs  and  The  Bunjoer-Ramo  Corp.  have  both  re¬ 
cently  announced  price  reductions  in  their  product  lines. 
Burroughs  Corp.  reduced  the  price  of  its  premium  rectangu¬ 
lar  Nixie  (Reg.)  tube  to  that  of  round  tubes,  with  increased 
warranty  of  two  years*  Burroughs  announced  that,  through 
the  reduction,  it  hoped  to  encourage  users  to  specify  rec¬ 
tangular  types  over  round  ones  in  both  new  applications  and 
in  instruments  where  round  tubes  are  already  being  used. 
Runker-Ramo  reduced  both  rental  and  sale  prices  of  its 
Series  200  product  line  of  input/output  equipment  (rental 
adjustment  about  15%,  price  adjustment  about  5%  for  one 
sample  item,  the  Model  203  unit,  which  features  an  alpha¬ 
numeric  keyboard  and  a  9-in*  video  display  screen)  ,  .  . 
Systems  Engineering  Laboratories  Inc.  has  moved  into 
a  new  50,000  square  foot  plant  at  6901  Sunrise  Blvd*,  Plan¬ 
tation,  Fla*  (near  Ft  Lauderdale).  It  was  built  at  a  cost  of 
more  than  $500,000  to  provide  the  firm  with  the  most  mod¬ 
em  facilities  available  to  produce  its  digital  data  system, 
general-purpose  computers,  and  related  electronic  products 
.  *  .  General  Precision  Link  Group  has  received  a  $700,000 
award  from  Rome  Air  Development  Center  for  a  film  data 
readout  system  to  be  used  for  extraction  of  information  from 
a  large  volume  of  multi- formatted  film  data  inputs  .  ,  ,  Fair- 
child  DuMont  Electron  Tube  Div.  has  received  a  $200, 
000  contract  for  storage  tubes  to  be  utilized  by  Belock  In¬ 
strument  Corf*  in  a  newly-designed  module  of  the  APN/ 
59  radar  .  *  .  Informatics  Inc*,  Sherman  Oaks,  Calif.,  has 
received  over  $400,000  in  contracts  from  Rome  Air  Develop¬ 
ment  Center  to  develop  a  system  for  online  computer  use. 
The  systems  to  be  known  us  DOCUS  (Display  Oriented  Com¬ 
piler  Usage  System)  will  employ  sophisticated  display  equip¬ 
ment,  operating  online  with  modern,  large-scale  computers 
*  ,  .  Data  Products  Corporation,  Culver  City,  Calif*,  has 
received  a  Navy  Bureau  of  Ships  contract  of  approximately 
$1  million  for  additional  RO-280  high-speed  military  LINE/ 
PRINTERS  (TM),  including  spare  parts,  field  services  and 
a  training  program  .  ,  .  RO-280  can  print  more  than  72,000 
characters /min.  The  firm  recently  completed  negotiations  in 
over  $3  million  of  new  orders  in  a  4 5- day  period,  unprece¬ 
dented  for  DPC* 
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C-E-LR,  Inc.,  has  named  Robert  D, 
Frank  mktg*  mgr,  for  the  Southwest  re¬ 
gion,  with  headquarters  in  Los  Angeles, 
Capt.  Roger  J*  Crowley  Jr,  (USN-Ret,), 
director  of  the  New  Hampshire  Aero¬ 
nautics  Commission,  has  been  elected 
a  director  of  Computer  Control  Co.s  Inc,, 
and  Thomas  II,  Farquhar  has  been  ap¬ 
pointed  mgr,  of  mktg*  development  for 
the  firm. 

Telemetries,  Inc.,  subsidiary  of  Tech¬ 
nical  Measurement  Corp,,  North  Haven, 
Conn.,  has  appointed  Fred  L*  Carla  as 
mgr.  of  display  systems  sales. 

The  Bunker-Ramo  Corp.  has  named 
W*  J*  Gruen  to  direct  its  newly-formed 
Information  Technology  Laboratory,  and 
H.  h ,  Shoemaker  to  head  its  new  Informa¬ 
tion  Systems  Laboratory.  Other  Bunker* 
Bamo  appointments  include  CoL  F.  K, 
Nichols  (USAF-Ret)  as  dir,,  Washington 
region,  Defense  Systems  Div.;  and  Walter 
Clark,  dir,,  public  relations  and  adver¬ 
tising,  Business  and  Industry  Div* 
Ralph  G*  Schwab  has  been  named  asst, 
controller  and  Lawrence  S*  Loainno  ac¬ 
counting  mgr.  of  Ultronic  Systems  Corp, 
Les  Brown  has  been  named  to  the 
newly-created  position  of  chief  engr., 
cine  products,  at  Bcekley  &  Whitley,  Inc. 

Hans  E.  J*  Neugebauer  has  been 
appointed  director  of  scientific  liaison 
at  the  new  office  of  Zerox  Corp.  in 
Brussels,  Belgium, 

Richard  S.  Anderson  has  been  named 
VP,  Genisco  Technology  Corp.,  and  gen. 
mgr.,  Genisco  Systems  Div.  Victor  Selvig 
continues  as  asst  gen.  mgr,  of  the  divi¬ 
sion. 


on  the  move 

E.  W*  "Cy”  Denny  has  been  named 
western  regional  sis.  mgr.  for  General 
Atronics  Corp.  Instrument  Div.  He  will 
operate  from  a  sales  office  in  Inglewood. 
Calif, 

Joseph  Burns  has  been  named  to  head 
the  newly-formed  Display  Services  Dept, 
of  Fairchild  Dumont  Electron  Tube  Div. 
The  department  encompasses  storage 
tube  engineering,  CRT  engineering,  and 
research  and  development.  Guy  F.  Bar¬ 
nett  has  been  appointed  manager  of  CRT 
engineering. 

Marshall  D.  Smith  has  been  appointed 
product  manager  of  EON  Corp. 

Cairns  Engineering  Sales  Corp.,  Los 
Angeles,  has  been  appointed  technical 
sis.  rep.  in  Southern  California  for  In¬ 
diana  General  Corp.,  Electronics  Divi¬ 
sion-Memory  Products. 

Harry  K*  Sedgwick,  Weston,  Mass.,  has 
formed  Design  Management  Consultants, 
devoted  to  analysis  of  the  engineering 
function  in  industry  and  establishment  of 
suitable  management  controls  to  insure 
overall  efficiency. 

IL  R.  Getty  has  been  named  mgr.,  ad¬ 
vanced  communications,  Martin/Orlando. 

Ralph  A.  Johnson  has  been  appointed 
to  the  new  position  of  gen.  mgr,,  Control 
Systems  Div.,  Radiation  Inc. 

Charles  F*  Hartel  has  been  appointed 
mgr,  of  program  admin,  for  Strornberg- 
Carlson  Corporation’s  Data  Products  Div.T 
San  Diego. 


Election  of  Robert  J*  Scblosi 
VP /mktg.  and  product  develop^ Se* 
Data  &  Information  Systems  I' 
been  announced,  v**  1 


Shepard  M,  Arkin  has  been  an 
asst  director  of  government  mkt  N 
mgr,  of  government  mklg,  proem8,1  ljfi 
Raytheon  Co*  -1*!  fa, 

Harry  J,  Gray  has  been  named  s  j 
finance  and  admin.,  and  John  J*  ^ 
has  been  promoted  to  Vp 
Industries.  Litton *s  Data  System*  iS 
has  named  C*  Gordon  Murphy  as  r>^V‘ 
succeeding  Connolly,  who  will 
charge  of  Components  Group;  Dsn*  fi 
named  William  T\  Stratton  program  ^ 
AF  command  and  control  ay  3  term  n!^1 
Litton  appointments  include  Danfoi* 
Campbell,  dir,,  International  mktg  J  K 
rex  Communications  Div.;  Richard**1* 
Douglas,  asst,  gen,  mgr.,  Advanced  n 
cuitry  Div,;  and  Charles  S.  BridgCi 
dir.  engrg,*  Guidance  and  Control'  1 
terns  Div. 

Robert  E*  Wallace  has  been  appointed  . 
dir.  of  mktg.  for  Auerbach  Corptl  a  ne* 
position  with  the  firm. 

Itck  Corp,  has  named  John  C.  Herthei  I 
asst,  mgr,  of  its  Optical  Systems  Div.  I 
Sperry  Gyroscope  Co.  has  appoint 
John  D.  Freitag  mktg*  mgr,,  avionic  sy$. 
terns,  in  the  firm's  Information  and  Cum* 
m unications  Div. 

Archibald  T,  McPherson  has  re¬ 
tired  from  the  National  Bureau  of  Stand¬ 
ards  after  4G  years  of  government  serv¬ 
ice;  his  last  post  was  special  asst  for 
international  standards  in  the  NB5  Insti¬ 
tute  for  Applied  Technology, 


(  Video  Color  Corporation 
Industrial  Tube  Division 


offers 

TECHNICAL  ABILITY 

For  any  special  purpose  Cathode  Ray  Tubes 

ULTRAHIGH  RESOLUTION 

(Less  than  .0005"'  spot  size) 

FIBER  OPTIC  FACES 
HIGH  CONTRAST 

Special  Ultrathin  glass  substrates  to  eliminate 
halation 

SPECIAL  SCREENS 

Any  Phosphor 

High  uniformity,  Ultra  Smooth  Texture 
Low  Screen  Noise 
High  Light  Output 
SPECIAL  ELECTRON  OPTICS 

High  Deflection  Sensitivity 
High  Seam  Currents 
Multrguns 
High  Voltage 
SPECIAL  GEOMETRIES 

Back  Ported  Tubes 
Special  Deflection  Angles 
SPECIAL  GLASS  STRUCTURES 
Internal  Targets 

FULL  LINE  OF  STANDARD  TYPES 
CRT  s  FOR  - 

Character  Generators  (Monoscopes,  etc,),  Read¬ 
outs,  Printers,  Oscilloscopes,  Radar,  Monitors, 
Video  Recorders,  View  Finders,  Flying  Spot  Scan¬ 
ners,  Back  Ported  Devices,  etc. 


Video  Color  Corporation 

729  Centinela  Avenue  Inglewood,  California 
Phone:  213-678-8192  90302 
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ARE  YOU  USING  READOUT  TUBES? 

IF  SO,  WILL  YOU  TRY  A  NATIONAL 

READOUT  TUBE*  AT  OUR  EXPENSE? 

If  you  are  manufacturing  equipment  using  readout  tubes, 
here's  all  you  do.  Furnish  us  with  the  type  number  and 
quantity  used  per  year  on  your  letterhead.  Well  deliver  a 
National  Readout  Tube  to  you  for  evaluation.  National 
Readout  Tubes  assure  the  highest  standards  of  quality# 
performance  and  dependability*  Write  today! 

*  Manufactured  under  license  from  Burroughs  Corporation 

NATIONAL 


ELECTRONICS,  INC* 

A  SUBSIDIARY  Of  EITEL- WcCULLOUGH,  INC, 
PHONE:  (3 12)  232-430®  -  GENEVA.  ILLINOIS,  U  S. A, 
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BAIRD-ATOMIC  JMMTOBE™  DISPLAY  TUBES  GIVE  YOU 
CLEAR,  RUGGED,  RELIABLE  READOUT  FOR  HUNDREDS  OF  THOUSANDS  OF  TROUBLE-FREE  HOURSI 


The  inherent  simplicity  and  ruggedness  of  a  Baird- 
Atomic  cold  cathode  neon  glow  D1G1TUBE 
assure  you  of  perfect  performance  through¬ 
out  its  extremely  long  life.  The  bright,  distinct, 
digital  character  display  will  not  fade  with  age! 

□  in  fact,  a  D1G1TUBE  will  often  outlast  the  equip¬ 
ment  in  which  it  is  installed.  So  if  you  buy  D1G1TUBES 
now,  you  won't  have  to  pay  later  in  replacements,  in 


downtime  at  the  wrong  time,  or  in  the  immeasur¬ 
able  cost  of  mistakes  in  readout  interpretation. 
A  wide  range  of  character  sizes  is  available  in 
round  or  rectangular  shape  tubes.  □  Write  to 
Baird-Atomic  Electronic  Products  Division  for 
the  new  brochure  on  D1G1TUBES  detailing  the  elec¬ 
trical  ratings,  operating  characteristics,  circuits,  and 
applications  of  these  dependable  display  tubes. 


Scientists:  Investigate  challenging  opportunities  with  Baird-Atomic.  An  Equal  Opportunity  Employer, 


BAIRD-ATOMIC,  INC. 

31 

33  University  Road ,  Cambridge,  Mass.  02138 

■■  ■  ■■ 
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Where  is  solid  state 
20  MC.  50  VOLT 
video  available? 


A 


From  the  IT-284 
Video  Amplifier. 


If  you  have  high  resolution 
Cathode  -  ray  display  prob¬ 
lems,  our  Type  IT-284  may 
be  your  answer  for  CRT  grid- 
cathode  drive,  or  electrostatic 
deflection.  0.25V  in,  50V  out, 
60QC  operation.  For  full  info. 


Write  for  specification  S2007 . 


IT  I 


Electronics,  Inc. 

369  LEXINGTON  AVE.P  CLIFTON,  N.J.  07015 

Since  1947— 

a  manufacturer's  manufacturer. 


CUSTOM  INSTRUMENTATION 
DESIGN  AND  MANUFACTURING 


ibility)  anti  Series  300. 
various  readouts,  RDCIA  units 
able  with  display  characters 
size  from  ^  in.  a  full  2  in. 

The  units  are  available  m  i>aj 
with  up  to  eleven  rear-projc^t  iq(j1 
outs  for  indicating  seconds, 
hours,  clays,  etc,  A  typical  appy 
won fd  be  Lo  indicate  time-oLjjj 
countdown  at  missile  launch  t.  ■■ 
tracking  stations,  or  comparable 
tions* 

Circle  Reader  Servian  Card  Mo  is 

Mn.  Vidicon  Deflector 

C leve land  E lee tro n  i cs,  C I ( - vel ^  i 
has  announced  availability  of  a  u 
in,  vidicon  deflection  assembly  (Ik 
in  a  cylinder  shape.  It  will  operate! 
cl  aid  vidicon,  penmehon  or  uvicon  \\A 
with  a  basic  40-gaiiSvS  field.  The  yoW 
furnish  500  to  700  TV  lines  resjfw 
with  distortion  of  less  than  \%.  The  l 
coil  section  is  shielded  by  Mu  met! 
such  a  manner  that  ambient  elects 
interference  is  reduced. 


DC-DC  Power  Supply 


Arnold  Magnetics  Corp.,  Los  Angel¬ 
es,  has  announced  a  new  miniaturized 
DC-DC  power  supply  for  CRT  applica¬ 
tions,  Termed  SHIM0Q0F,  it  provides 
nn  accelerator  voltage  of  1000  v  DC  at 
34.6  ma  and  a  filament  voltage  6.3  v 
RMS  (approx.  6  kc)  square  wave  at  I 
amp.  Since  they  have  a  similar  thickness, 
they  are  ideal  for  operation  with  minia¬ 
ture  cathode  my  tubes  with  ample  pow¬ 
er  to  supply  bleeder  currents.  Output 
voltage  is  adjustable  H-5%  to  —10%.  Line 
regulation  is  0,3%  max.  Ripple  is  0.3% 
max. 

Tlie  physical  design  is  such  that  the 
mounting  surface  area  is  only  3)£  in,  by 
]%  in.  Height  is  3%  in.  An  oscilloscope 
less  than  2  in.  wide  can  therefore  result. 
Exceptional  stability  is  assured  by  all- 
silicon  circuitry,  and  the  unit  is  hermet¬ 
ically  sealed  in  a  black  anodized  alumi¬ 
num  case. 

Circle  Reader  Service  Card  No.  13 

instant  Proofreading 

Proofreading  once  requiring  20  man 
hours  can  now  be  completed  in  less  than 
10  mins,  by  a  digital  plotter,  according 
to  California  Products  Inc.,  Anaheim, 
Calif.  Other  CalComp  plotters  display 
digital  computer  output  as  maps,  charts, 
graphs  or  drawings,  complete  with  nu¬ 
merical,  symbolic  and  written  annota¬ 
tions,  The  machine-tool  “proofreading" 
operation  produces  a  graph. 


Circle  Reader  Service  Ca^d  Ng  10 


Circle  Reader  Service  Card  No.  14 

Remote  Clock  Indicator 
Industrial  Electronic  Engineers  Inc,, 
Van  Nuys,  Calif,  has  published  u  1-page 
data  sheet v  on  its  new  remote  Digital 
Clock  Indicator  Assembly  which  will  ac¬ 
commodate  any  of  the  following  IEE 
rear- project  ion  readout  devices;  Series* 
10,  120  and  220  (last  having  a  front 
phtg-ht  capability  for  front  panel  aecess- 
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3-In.  Image  Pickup 
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Wes t i n gho 1 1 rse  E le ct ron ic  T  ube 
Elmira,  N.Y.,  has  announced  availability 
of  a  new  3-in.  image  dissector 
camera  tube  having  an  extreme!)  big 
resolution  of  3000  TV  lines/in.,  exceflj 
black  and  white  contrast,  and  a 
rise  and  decay  time.  Termed  WL-2311I 
it  is  ideal  for  microfilm  readout, 
film  scanning,  and  high-speed  flying 
spot  scanning. 

The  new  tube  is  inherently  more  mgr 
ged  and  longer  lived  because  it  hns  n!j 
target  or  hot  cathode  to  deteriorate,  f U: 
Guitry  is  simpler  since  there  is  no  Leaub 
forming  gun.  Standard  image  orthi^S 
components  can  be  used  when  scan  W 
permit,  A  zoom  effect  can  be  achieve 
electronically,  simply  by  magnificat*01 
through  scan  reduction.  A  several^131 
tired -power  magnification  is  possible 
decreasing  the  deflection  amplitude  a11 
underscanning  the  image.  Resolution 
the  same  as  that  for  the  original 
imaged  on  the  photocathode.  No  cha**e 
in  light  level  is  necessary  during  the 
derscau  operation. 
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New  Conversion  Matrix 
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Ainporcx  Electronic  Cnrp.t  Ilicksville, 
Long  Island,  N.Y.,  has  announced  a  new 
diversion  matrix  and  biquinary  readout 
tube  which  uses  30%  fewer  transistors 
and  approximately  50%  fewer  compo¬ 
nents.  Termed  DP  101,  it  contains  a  solid- 
state  conversion  matrix  for  decoding  BCD 
tubes,  and  a  driver  for  biquinary  numer¬ 
ical  indicator  tubes. 

Because  it  utilizes  the  unusual  Am- 
perex  Bi-Qui  numerical  indicator  tube, 
approximately  50%  fewer  components  are 
needed  in  the  conversion  matrix  and  30% 
fewer  transistors  arc  required  to  drive 
the  Bi-Qui  tube,  according  to  the  manu¬ 
facturer,  who  states  the  Bi-Qui  tube  pro¬ 
vides  an  additional  advantage  with  its 
built-in  error -detection  capability. 

Circle  Reader  Service  Card  No.  18 

Bar  Graph  Generator 
Colorado  Video  Inc.,  Boulder,  Colo., 
has  announced  a  Model  101  Bar  Graph 
Generator  for  use  with  standard  closed- 
ciicuit  TV  systems  to  provide  a  graphic 
display  of  eight  separate  input  signals  in 
the  form  of  a  series  of  vertical  bars,  the 
height  of  each  being  proportional  to  the 
associated  input  voltage, 

Controls  allow  the  positioning  and 
spacing  of  bars  for  the  best  display  ef¬ 
ficiency.  Data  may  be  mixed  with  nor¬ 
mal  TV  images,  and  two  or  more  units 
used  in  parallel  when  additional  bar 
groups  are  desired.  Individual  channels 
laay  be  readily  distinguished,  and  groups 
Identified  by  size,  location,  or  video  po¬ 
larity. 

Circle  Readgi  Service  Card  No  19 

PhiJco  READ  System 

Philco  Covp/s  Communications  and 
Electronics  Div.,  Willow  Grove,  Pa.,  has 
Published  a  brochure  describing  its  Real- 
bnie  Electronic  Access  and  Display 
(HEAD)  system.  BEAD  is  described  by 
manufacturer  as  a  versatile  alpha¬ 
numeric  and  graphic  CRT  display  which 
Provides  instant  access  to  computer¬ 
ised  information.  It  is  composed  of  a 
Central  controller,  which  contains  a  char- 
after  generator,  a  vector  generator  and 
a  format  controller.  Consoles  may  be 
'Formation  display,  july/ august,  19 65 
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INDICATORS 


DATA- PANEL 


LOOK  ALIKES?  YES, 
BUT  ALL  DIFFERENT 


p 


TEC-LITE  Transistorized  Indicators 
Are  Custom  Built  at  Standard  Prices 


TEC-LITE  Transistor-controlled  indicators  (and  readout  driver- decoders) 
with  neon  or  incandescent  lamps  can  be  designed  to  match  the 
electrical  characteristics  of  your  solid  state  system ,  including  integrated 
circuit  designs.  With  more  than  2000  different  indicator /readout  sche¬ 
matics  on  hand  and  with  their  Intimate  Knowledge  of  indicator-system 
interface,  TEC  engineers  design  precisely  the  indicator  or  readout  your 
system  requires,  usually  at  off-the-shelf  prices,  You  get  the  price  benefit 
of  TEC’s  large  inventory  of  components — PC  boards,  transistors,  diodes, 
lamps,  lenses,  etc.— that  are  design  assembled  to  your  requirements. 


SEND  FOR  CATALOG  SHEETS  that  describe  dozens  of  basic  indicator/ 
readout  devices.  If  those  cataloged  don’t  meet  your 
needs,  outline  your  special  requirements  and  TEC 
will  quote  price  and  delivery. 


INDICATING 

DEVICES 


READOUTS 


TEC-SWITCH 


Transistor  Electronics  Corporation 

Box  6191  Minneapolis,  Minnesota  55424  Phone  (612)  941-1100 

TEC-LITE  Indicators  are  protected  by  one  or  more  of  the  following  patents:  U.S.  Pat.  Mos.  2,965,874;  3,041,499; 
3,116.480;  Australian  Pet-  No,  244,756;  Belgian  Pat,  Nos.  604,246  and  637,379;  Canadian  Pat.  No.  686,506; 
French  Pair  No.  1,291,911;  Italian  Pat.  No.  674,414;  Swiss  Pat.  No.  376,541;  British  and  German  patents  pending. 
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we’re 

specialists 


but 

we 

also 

make 

house 

calls 


Specialists?  .  .  .  Yes,  information  display  special. 
And  we  have  been  since  the  publication  of 
Vol.  1,  No.  1  just  one  year  ago!  ID  offers 
total  penetration  of  the  data  display  market ,  ,| 
swiftly,  effectively,  economically. 

Use  it  to  sell: 

•  Projector/plotter  systems 

•  CRTs,  vidicons,  storage  tubes 

•  Alphanumeric  displays,  readouts 

•  Command/control  systems 

•  Digital  plotters 

•  Test  equipment,  scopes 

•  Yokes,  switches,  magnetic  shields 

•  Display  systems 
About  those  house  calls? .  .  . 

ID’s  Sept. /Oct.  issue  (closing  (9/2)  blankets 
the  house  with  free  bonus  distribution  in  NewYdl 
Sept.  28-30  during  the  Society  for  Informatio 
Display's  Sixth  National  Symposium. 

And  the  Nov./Dec.  issue  (closing  (11  1)  is  the 
perfect  prescription  for  advertisers  seeking 
coverage  during  the  Fall  Joint  Computer  Conte 
in  Las  Vegas,  Nov.  30  -  Dec.  2.  How's  that 
for  going  where  the  business  is!?! 

Information  Display 
Journal  of  the  Society 
for  Information  Display 
160  S.  Robertson  Blvd. 
Beverly  Hills,  Calif. 

Phone  (213)  OL  5-9280 
for  complete  details. 
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Use  slides  Witlf  tine  (rfjW  many 
troslide  models  for  vastly  JmptitStr 
impact  and  retention,  The  1200-watt 
light  source,  coupled  with  wide  angle 
lenses  for  rear  projection,  or  long 
focus  Senses  for  front  projection  fill 
the  screen  of  even  a  partially  lighted 
auditorium. 

Write  for  descriptive  literature. 


WE  LEARN 
83%  THROUGH 
SIGHT 


provided  with  n  typewriter  keyboard,  a 
cursor,  and  a  light  pen.  Consoles,  pro¬ 
jection  devices  and  microfilm  printers 
are  available. 

Circle  Reader  Service  Card  No.  23 

10MA  Wideband  Amplifier 


New  SLAP  Type  80 

LINEAR 

PHOTOMETER 

15,000: 1  Range 

The  superior  linearity  of  the  silicon  cell 
in  this  compact  photometer  makes  possi¬ 
ble  repeatable  accuracy  of  ±1  %  over  the 
entire  range  of  0.2  to  3,000  foot-candles. 
Accepts  five  light-reading  probes  inter- 
changeably,  provides  on-the-nose  read¬ 
ings  from  reflected  and  Incident  light, 
infrared  radiation,  ground  glass  ilium!  na¬ 
tion,  project  ion -screen  brightness.  Solid- 
state  circuitry,  8  position  range  selector. 
Manufactured  by  Street  Laboratory  of 
Physics  and  distributed  by  Traid.  Write 
Traid  today  for  complete  information* 

?  TRAID  CORPORATION 

777  Flower  St.,  Glendale,  Calif.  *  213/245-0393 
3702  Munsey  St.r  Wheaton,  Md.  *  301/942*5341 
1207  Banana  R  iver  Dr,r  Indian  Harbor  Beach,  Fla. 
305/262-2944 
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CRT  Recording  Lens 

for  use  with  P-16  Phosphor 


This  4unch  F/1,9  CRT  recording 
lens  is  designed  for  a  magnifica- 
tion  ratio  of  2:1  with  an  overall 
object  to  image  distance  of  18 
inches.  This  lens  will  resolve,  on 
Kodak  hi-resolutlon  plate,  approxi¬ 
mately  120  Line  pairs/mm  over 
the  two  inches  diameter  image 
format.  This  fens  is  designed  for 
use  with  a  P-16  phosphor  and  has 
enhanced  transmission  for  this 
spectral  region.  Information  is 
available  upon  request  for  any  of 
Applied  Optics  and  Mechanics' 
line  of  CRT  recording  lenses. 


APPLIED  OPTICS  and 
MECHANICS  Inc. 

400  RoTyn  Place,  Arcadia,  Calif.  91006 


.  Circle  Reader  Sarvice  Card  No.  22 

Formation  display,  july /august,  1965 


Dana  Laboratories  Inc.,  Irvine,  Calif., 
has  announced  availability  of  its  Model 
3400  Amplifier  series,  a  wideband  ampli¬ 
fier  to  drive  medium-power  recorders, 
passive  filters,  and  display  devices. 

The  direct-coupled  differential  ampli¬ 
fier  has  a  full-scale  load  current  of  10 
ma.  Full-scale  output  voltage  is  ±10  v, 
and  the  small-signal  bandwidth  is  a  mini¬ 
mum  of  50  kc,  The  instrument  offers  a 
totally  isolated  power  supply,  as  well  as 
modular  dimensions  that  allow  10  Model 
3400s  to  fit  into  one  Model  3010  rack 
enclosure. 
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Failure-Safe  Readout 

A  special  circuit  to  sense  and  report 
failures  is  incorporated  in  a  new  seg¬ 
mented  readout  offered  by  M,  B.  Asso¬ 
ciates,  Phila.,  to  eliminate  false  digit  dis¬ 
plays,  In  most  segmented  readouts  now 
offered,  a  segment  failure  can  cause  the 
display  of  a  digit  different  from  the  one 
planned,  The  MBA  readout,  termed 
Model  NSDFS,  contains  seven  segments, 
illuminated  by  neon  lamps.  When  a  lamp 
fails,  its  actuation  voltage  rises  and  ex¬ 
ceeds  circuit  voltage,  causing  it  to  appear 
to  the  drive  as  an  open  circuit.  The  spe¬ 
cial  failure  circuit  detects  such  open  cir¬ 
cuits,  and  is  designed  to  automatically 
turn  off  segments  that  could  cause  an 
erroneous  digit  to  appear  in  the  event 
of  any  failure,  making  undetected  error 
impossible. 
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Multi-Slide  Switch 

Switch  era  ft  Inc.,  Chicago,  has  an¬ 
nounced  a  new  slide-action  switch  which 
features  multiple  switching  action,  plus 
interaction  between  two  switch  stations. 
Termed  the  Series  39000  Multi-Slide 
Switch,  it  was  developed  primarily  to 
give  design  engineers  an  entirely  new 
switching  method  with  which  to  solve 
the  human  engineering  problems  created 
by  their  almost  total  dependence  upon 
the  use  of  masses  of  pushbutton  switches 
in  the  design  of  complex  control  consoles. 


splndler 

&  sauppe 


HjfabNjhed  J  924 


2201  Beverly  Boulevard 
Los  Angeles,  Calif,  90057 
Phone:  389-1288  Area  213 


Ef#van  models  fc  din  oje  from,  shown  is  51^-1200 


MANUFACTURERS  OF  SELECTR0SU0E 
PROFESSIONAL  SLIDE  PROJECTORS 


"Meat  Award  Winner"  of  the  Brunei*  Wor/d  Farr 
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a  6-iu.  by  9-in.  display  area.  It  may  then 
be  corrected  or  replaced  with  new  infor¬ 
mation  and  returned  to  the  computer 
memory  for  future  use.  As  many  as  1040 
characters  of  an  easily-read  type  face  can 
be  displayed  on  the  TV-like  screen  upon 
operator  command.  The  system  consists 
of  three  basic  units,  the  display  console, 
the  control  unit,  and  an  optional  hard¬ 
copy  printer, 

Circle  Header  Service  Card  No.  2S 

Hard  Copy  Generator 

Photomechanisms  Inc.,  Huntington 
Station,  N.Y.t  has  announced  availability 
of  a  small,  rack-mounted  hard-copy  gen¬ 
erator  that  converts  transient  informa¬ 
tion  displayed  on  the  face  of  a  CBT 
into  dry,  permanent*  hard  copy  suitable 
lor  storage  and  subsequent  reference. 
Called  DATASTAT  II*  the  system  gener¬ 
ates  photographic  images  containing  as 
many  as  seven  shades  of  gray,  in  addi¬ 
tion  to  providing  high  contrast  copies  of 
alphanumeric  data.  A  self- contained 
monitor/camera/ processor/printer,  the 
system  combines  the  high  speed  and 
sensitivity  of  silver  halide  recording 
with  the  economy  and  simplicity  of 
operation  of  electrostatic  printing. 

DATASTAT  II  will  accept  input  data 
at  any  rate  up  to  4  framcs/sec,  The  first 
hard  copy  print  is  produced  with  a 
total  time  lag  of  30  secs,  and  suc¬ 
ceeding  8%  X  11  hard  copy  prints  are 
produced  at  the  rate  of  one  every  5  secs. 

Circle  Reader  Service  Card  Mo,  29 


Display  Oscilloscope 

Applied  Development  Carp,  a,T  n 
Park,  Calif.,  has  announced 
of  its  Kauke  MS-Series  display  a>% 
scope  for  multi  channel  analog 
H  was  originally  designed  for 
chart  display  with  all  Irjq  f  ^  bfir 
The  system  combines  a  30 -chan n 
log  multiplexer  with  a  MS-3  seem  aT5a* 
in,  screen,  or  a  MS-4  scope  with  a  / 
screen  for  bar  chart  type  display  1 
30  measurements  in  parallel. 

The  system  can  be  expanded  to  I 
channel  display  capacity  per  scon*  .  ^  * 
dividual  channel  Intensification  '**' 
her  locator),  alternate  x-y  or  y-tirtic  h?* 
play,  zero  and  full-scale  reference 
available  as  options.  A  numeric  or  ajnu  * 
numeric  character  generator  is  also  aufiifl 
able  as  a  system  accessory*  with  dlsn]  * 
resolution  up  to  2O0  eharacters/sq,  j^r  I 
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Solid  State  Driver/Decoder 


WHICH  DEFLECTION  YOKE  nD 
FOR  YOUR  DISPLAY  □ 


Industrial  Electronic  Engineers,  Inc* 
Van  Nuys,  Calif,  has  developed  a  netf 
solid-state  driver /decoder  module  which 
provides  binary  to  decimal  conversion  for 
their  Series  10  and  Series  360  rear-pro* 
jection  readouts.  The  unit  uses  all  silicon  j 
transistors  and  has  four- wire  BCD  input 
logic  with  8421  binary  code  which  pro¬ 
vides  10  decimal  outputs.  Twelve  decin^ 
outputs  are  available  as  an  option. 

This  new  driver /dec  oder  is  a  new  yer* 
sion  of  their  old  Series  600/610  driver 
decoder  and  is  designed  to  accept  a  U'  ^ 
nary  coded  input,  translate  it  into  dech 
mal  and  light  the  proper  lamp  in  R"  * 
readout  to  display  the  desired  character 
It  operates  on  a  low  current  signal  01 
ma.  maximum  at  —6.0  v  dc  or  +6-9  ^ 
dc  depending  oil  option  selected,  h  j 
quires  a  power  supply  current  of  359  ny 
max  at  —  S.O  v  dc  or  +8.0  v  dc  depeflji  l 
mg  on  option  selected.  Output  supP^SM 
voltage  is  6.3  v  dc*  which  is  rates  II 
voltage  for  operating  the  No.  44  ■ 

used  in  the  readouts.  The  unit  will  VJJ*  j 
stand  temperature  extremes  from  | 

+  7Q^C  ambient  and  features  a  forbiddr 
code  rejection. 
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INFORMATION  DISPLAY,  JULY/ AUGUST*  1 


The  Raytheon  Co,  Equipment  Div., 
Wayl and,  Mass.,  has  recently  announced 
its  DIDS-400,  a  tabic  model  digital  in¬ 
formation  display  system  for  rapid  re¬ 
trieval,  editing,  and  composing  of  com¬ 
puter-stored  information.  The  system 
eliminates  card  punching,  batch  totaling 
and  other  intermediate  steps  in  data  pro¬ 
cessing  by  providing  a  direct  interface 
between  computer  and  operator. 

Through  use  of  an  alphanumeric  key¬ 
board,  information  in  a  random  access 
memory  can  be  recalled  almost  instan¬ 
taneously  for  flicker-free  presentation  on 


Except  for  providing  illuminated  status 
indication,  the  Multi-Slide  Switch  can  be 
as  sc  rnbled  t  o  p  r  o  vid  e  an  y  s  wi  t  ch  i  n  g  f  un  c- 
tion  common  to  conventional  pushbutton 
switches. 
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Digital  Display  System 

W 


consult  snraiic 


YOKE  SPECIALISTS 

Syntronic's  team  of  experts  knows  more  about  yoke  design,  engineering  and 
quality  control  than  anyone  else.  A  solid  IC-year  record  of  leadership— 
acknowledged  throughout  the  industry*  Benefit  from  it* 


syntronic 


INSTRUMENTS,  INC. 

100  Industrial  Road.  Addison,  Illinois 
Phone:  Klngswood  3-6444 
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use  tiny 


MAGNETIC 

LIOGICATOR 


Pulsed 


^  EITHER  TYPE  ^ 

Bowmar  builds  displays  ^  It  is  the  only 
manufacturer  of  both  stepper-wheel  AND 
setf-illuminated  small  electrically  pulsed 
readouts.  Bowmar  also  provides  all  the 
solid  state  interfacing  circuitry  required 
for  visual  response  from  your  computer 
codes.  Your  system  requirements  will  dic¬ 
tate  which  display  best  meets  your  needs. 
Compare  the  advantages  and  specifica¬ 
tions,  Then  choose  your  tiny  BOWMAR 
PULSED  DISPLAY. 

BOWMAR  — FORT  WAYNE 

8000  Bluff  ion  Road  *  Fort  Wayne,  Indiana 


Displays 

INCANDESCENT 

f^PTICATOR® 


Vi  ACTUAL  SIZE 

LOG  I  GATOR 

500ms  max, 
Inherent 

During  character  change  only 
24vdc  at  2  watts  max. 
Ambient  light 
36°  either  direction 
Ambient  light 
0.250x0.190  inches 
0.500 x  1.000 x  1.500  inches 


SEND  FOR  COMPLETE  DATA 
ADVANTAGE 
SPEED 

MEMORY  . 

POWER 
VOLTAGE 
VISIBILITY 
VIEWING  ANGLE 
PHOTO  RECORDING 
CHARACTER  SIZE 
CASE  SIZE 


ACTUAL  SIZE 

OPTI  GATOR 

30ms  max. 

Solid  state  available 
Continuous  for  illumination 
4vdc  at  285  mw/seg,  nom. 
Internal,  to  800  ft,  lamberts 
45"  either  direction 
Self*ilfuminated 
0.340x0.200  inches 
0,350  x  0.500  x  1.200  max.  inches 


©  1965  BOWMAR  INSTRUMENT  CORPORATION  •  MAY  WE  CUSTOM  DESIGN  A  DISPLAY  FOR  YOU? 
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PROJECTION  OSCILLOSCOPE 


PRESENTS  THE  BIG 
PICTURE  IN  MANY 

ways,  any  color 


DALTO  290 


A  Real  Time  Display  for  a 
wide  range  of  applications — 
from  alphanumeric  readout 
to  master  plotting-board  dis¬ 
play  —  the  OSCILLOSCOPE 
290  is  the  ultimate  in  big 
screen  oscilloscope  projec¬ 
tion  for  both  large  and 
small  groups.  In  either  direct 
or  rear  view  projection,  the 
OSCILLOSCOPE  290Js  needle- 
sharp  picture  presents  the 
facts  with  the  clarity  and 
brilliance  required  by  the 
most  critical  of  audiences. 


The  OSCILLOSCOPE  290  may 
be  used  over  a  wide  variety 
of  subjects  including:  alpha¬ 
numeric  displays  for  com¬ 
puter  read  out  .  .  .  combat 
information-center  displays 
.  .  .  master  plotting  board 
displays  .  .  ,  basic  training 
in  electronic  wave  forms  .  .  , 
projection  of  airline  sched 
Dies . . .  radar  target  acquisi¬ 
tion  .  .  .  aircraft  position 
plotting  for  control -tower  op¬ 
erators,  etc. 


The  DALTO  PROJECTION  OSCILLOSCOPE  290  combines  high 
brightness  and  resolution  with  wideband  linear  deflection  ampli¬ 
fiers  to  provide  top  quality  images  capable  of  filling  a  12 
foot  screen, 

Schmidt  optics  and  CRT  are  the  same  as  used  in  the  famous 
Dei  to  TV  Projectors.  The  electronics  may  be  remoted  or  joined 
as  shown.  P4  phosphor  is  standard  for  white  display,  other 
colors  or  multi-color  also  available.  Automatic  beam  regulation 
protects  CRT  regardless  of  rate  or  amplitude. 


riECTRONlCS  COUP. 

NEMWQOD.  NJ, 
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SID  Sustaining  members 


AEROSPACE  CORPORATION 

SAN  BERNARDINO,  CALIFORNIA 

COMMUNICATIONS  &  ELECTRONICS 
DIV. 

PHIL  CO  CORPORATION 

A  SUBSIDIARY  OF  FORD  MOTOR  COMPANY 
WILLOW  GROVE,  PENNSYLVANIA 

CON  RAC  DIVISION 

GIANNI  N  I  CONTROLS  CORF, 

GLENDORA,  CALIFORNIA 

FAIRCHILD  DUMONT 
LABORATORIES 

CLIFTON,  NEW  JERSEY 

HUGHES  AIRCRAFT  COMPANY 

VACUUM  TUBE  PRODUCTS  DIV, 

OCEANSIDE,  CALIFORNIA 

ITT  FEDERAL  LABORATORIES 

A  DIVISION  OP  INTERNATIONAL  TELEPHONE 
AND  TELEGRAPH  CORPORATION 
NUTLEY,  NEW  JERSEY 


LING  TEMCO  VOUGHT 

MILITARY  ELECTRONICS  DIVISION 
□ALLAS,  TEXAS 

MAC  CAMERA  SERVICE  COMPANY 

7 t  I  GINZANISHI 
CHUO-KU,  TOKYO.  JAPAN 

RADIATION,  INC 

MELBOURNE,  FLORiDA 

STROM  BERG  CARLSON  CORP, 

DATA  PRODUCTS 

SAN  DIEGO,  CALIFORNIA 

SYLVANIA  ELECTRONIC  TUBES 

DIV.,  SYLVANIA  ELECTRONIC  PRODUCTS,  INC 
SENECA  FALLS.  NEW  YORK 

TELEVISO  ELECTRONICS  DIVISION 

DOUGHBOY  INDUSTRIES 
WHEELING,  ILLINOIS 


ID  Dduertisers 

Index  —  July/ August  196S 


APPLIED  OPTICS  &  MECHANICS 

Agency:  Dozier  Co. 


BENSONLEHNER 

CORP . . . . ...Inside  Bach  Cqv 

Agency:  Leonard  Daniels 


BAI  RD  ATOMIC  INC 

Agency;  Van  Chris  so  Associates 


BOWMAR  INSTRUMENT  CORP. 

Agency:  Engineering  Writers 
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COMPR  EHENSION* 


COMPIX 

a  magnetic  tape-driven  plotter 


PRODUCES  SHADES 


CELCG  (Constantine  Engineering 

Labs,,  Co) . ...... .  28  and  29 

Agency:  Stano 


DALTO  ELECTRONICS  CORR 


. .  AS 


DATA  DISPLAY  . . . . .  Back  Cover 

Agency:  Kku-Van  Pictersonv  Dunlap 

FAIRCHILD/DUMONT  . .  4 

Agency:  W  exton  Co, 

GENERAL  PRECISION,  INC .  24  and  25 

Agency:  Gay  nor  &  Dutas 

GRANGER  ASSOCIATES  . 32 


B-L  120  Mi 


SECOND  GENERATION 
CRT  MICROFILM 
PRINTER/PLOTTER 
ON  THE  MARKET  TODAY 


The  B-L  120  is  a  truly  expandable,  modular  system,  com¬ 
pletely  solid-state  and  features  the  latest  in  high  reliability 
silicon  logic  circuits. 


Truly  off  line — does  not  require  ex¬ 
pensive  computer  tape  transport 

•  Through-put — 120  frames  per  min¬ 
ute  for  both  556  and  800  bpi  tapes 

•  64  character  selection  with  128  char¬ 
acter  option 

•  Vector  line  drawing  and  axes  line 
drawing 

•  Handles  either  16mm  or  35mm 
monocromatic  film 

•  Tape  transport  compatible  with  all 
7-track,  V^-inch  magnetic  tapes  or 
9-track,  Vfe-inch  magnetic  tape 

•  Optional  '‘Quick-Look"  hard  copy- 
exposure  simultaneous  with  film 


_  _  benson-lehner  corp. 

14761  CALIFA  STREET 
VAN  NUYS,  CALI  FORJM  I  A 
781-7100 

Demonstrations  Now  Being  Conducted  at  Van  Nuys 
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The  exact  whereabouts  of  125,000  railroad  freight  cars  can  be  pinpointed 
from  second  to  second  by  New  York  Central's  Car  Tracing  Center.  Clerks 
at  Control  Data  210  Computer-Remotes  like  the  unit  shown  here  simply 
type  in  a  query,  press  their  transmit  key,  and  see  the  answer  flash  on  the 
screen.  Access  time  -  about  140  milliseconds  -  virtually  instantaneous! 
Answers  that  previously  required  up  to  several  hours  to  obtain. 

The  210  operates  like  an  ordinary  alpha  numeric  typewriter,  with  video* 
screen  display  of  input  and  output  taking  the  place  of  "paper"  for  both 
query  and  response.  Screen  can  display  1000-character  messages.  Control 
unit  logic  handles  in  excess  of  20,000  entries  an  hour.  Up  to  63  stations 
can  be  tied  into  the  system  and  provide  simultaneous  access  for  all.  And 
any  typist  can  use  a  210  after  just  minutes  of  instruction. 

Options  available  cover  a  variety  of  application,  and  there  are  input 
interfaces  for  digital  computers,  telephone  subsets,  and  other  digital 
sources.  Let  our  systems  applications  engineers  explain  how  the  210 
adapts  to  your  needs.  Write  or  call  today  for  an  appointment. 


1820  COMO  AVENUE  -  SAINT  PAUL,  MINNESOTA  55108  *  646-6371 


DATA  DISPLAY 


NCORPORATED 


CONTROL  DATA 

CORPORATION 


found 

instantly 

via 

Control  Data^210 
remote  data  entry 
and  retrieval! 
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